No. M. 3123 


PROCEEDINGS 


OF THE 


INDIAN ACADEMY 
SCIENCES 


VOL, XLIV] SECTION B 


AUGUST 1956 


Price Rs. 2 or 3 Sh. Annual Subscription Rs. 18 


iprary 
Biology u 
‘ 
pie 
[No. 2 
= 
RCI 
OCT 22 
Di 
wih We 
g 
& 
. 


PRINTED AT THE BANGALORE PRESS, BANGALORE CITY, BY C. VASUDEVA RAO 
SUPERINTENDENT AND PUBLISHED BY THE INDIAN ACADEMY OF 
SCIENCES, BANGALORE 


q 
4 
| 
q 
f 
¥ 
q 
¥ 
3 
A 
& * 
4 
ist 


ADVENTIVE LEAF-BUDS OF ERANTHEMUM 
BICOLOR 


By GivaA P. Masumpar, F.A.Sc., Calcutta 
(Received May 21, 1956) 


HISTORICALLY leaves of angiosperms are cladophylls. This has been well 
established by the paleobotanists and plant anatomists (Potonie, Bower, 
Tansley and others). It is no wonder or anomaly then that we often find 
isolated (detached) leaves producing vegetative buds, when planted in or 
falling on moist soils, from the basal ends of the petiole like stem-cuttings. 


Recently Arber (1950) has propounded and justified the “* partial-shoot ” 
nature of the foliage leaf. According to her the production of buds, vege- 
tative or flower, by the leaves is the “ normal urge” on their part, thereby 
showing a “tendency to assume the status of the parent shoot”. Arber, 
therefore, thinks that the power of bud production remains only latent 
instead of being altogether absent in this organ. 


Buds produced on leaves, internodes and roots are known as adventive 
buds (Lubbock, 1899; Priestley and Swingle, 1929). They are divided into 
two categories: Natural and accidental. Natural buds on leaves (foliar 
embryos) have been reported in many plants, e.g., Bryophyllum, Kalanche, 
Tolmiea, etc. (Clamp, 1934; Stoudt, 1938; Yarbrough, 1932, 1936). In 
K. daigremontiana as many as 60 offsprings have been reported on a leaf 
of large size (Lubbock, Priestley and Swingle, Arber). Deb (1952) reports 
leaf budding in Nymphaea stellata (cf. also Arber). Certain families, e.g., 
Droseracee, Crassulacer, Begoniacee and Gesneriacee most readily 
produce adventive shoots on their detached leaves (Arber; Stover, 1951). 
For detailed and more complete information see Priestley and Swingle; 
Swingle (1940). Natural adventive buds appear in definite parts of the leaf 
but accidental buds appear when the leaf is wounded or maimed (Lubbock, 
p. 18). Ifa leaf of Begonia is detached from its mother and placed on damp 
earth it will produce shoots. Gebel (1905) reports production of flower 
buds in Achemenes sp. from the petiole end of the detached leaf. Walker 
(1940) reports formation of leaf buds from the cut ends of the excised leaves 
of Lilium candidum and L. longifolium. Excised yellow bordered leaves of 
Sansevieria produce adventive buds at or near the cut ends but the leaves 
of the new shoot loses the yellow border of the parent leaf and becomes 
instead “‘clouded with irregular bars of dark green on both surfaces”. 
Stoudt (1934) reports production of foliar buds from the basal ends of the 
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excised leaves of Brynesia, a dicotyledon. In the detached leaves of 
Kalanche rotundifolia he reported production of independent plants on the 
upper surface of the petiole ends (1938). Yarbrough (1936) made a detailed 
study of the origin, development and anatomy of the adventive buds in the 
leaves of Sedum; Isbell did the same in Ipomeea (1931) and d’Almeida 
(1928) in Limnanthemum cristatum within recent years. 


Not all the isolated leaves of a plant show this capacity of producing 
adventive buds. Neither very young nor very old leaves but the leaves of 
the mother when she passes through the most vigorous vegetative growth 
show this feature (Swingle, 1940). Swingle makes a very interesting 
observation that ‘‘ the breaking of the communication between the growing 
point and the leaf supplies the stimulus in bringing about the initiation of 
new root and stem growing points”. This is a very definite statement in 
support of Arber when she says that the leaf is a partial shoot and the pro- 
duction of a vegetative bud is a normal urge latent in it. 


Text-Fics. 1-3. Leaves of Eranthemum bicolor showing different stages in the development 
of adventive buds. Fig. 1, a detached leaf; Fig. 2, shoot and rcots developed from the lower 
end of the petiole ; Fig. 3 shows further development of the shoot and roots, the mother leaf is 


still vigorous and the node-like region is quite evident. All figures drawn from actual specimens, 
magnified x4. 


Yet the phenomenon of leaf-bud production from detached leaves is 
rather rare. Lindemuth (1903-4), Sting) (1908), Janse (1925), Hagemann 
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(1932)—{all in Swingle, 1940)—made detailed experimental studies of this 
phenomenon in a large number of species. Their statistical analysis shows 
that leaves of about 45% of the species studied produced neither roots nor 
buds, 49% produced only roots and about 10-15% produced buds with roots. 


Eranthemum bicolor (Acanthacez) is a garden plant. There is a row 
of these elegant plants along the boundary wall of my garden. They are 
very healthy plants and with their long petioled broadly lanceolate bicoloured 
leaves and racemes of flowers with white bilabiate corolla with purple spots 
on their lower lips make a very beautiful and charming hedge. 


Towards the end of the last monsoon months my brother drew my 
attention to four detached leaves growing on the shady moist earth beneath 
these plants with new shoots in different stages of growth and development. — 
I collected three and made them museum specimens (Fig. 1, A, B,C). The 
one left undisturbed has grown into a healthy plant. 


The decussate leaves have each a tiny bud in their axils. When the 
leaves fall on the ground the buds remain on the axis. Therefore they do 
not develop into leaf shoots. Moreover, the adventive bud is organized 
a little above the free petiole end on its upper surface, and the region appears 
like a node (Fig. 1, A, B). A large number of roots also grow from this 
node-like region. The origin, development and vascularization of these 


buds are now being studied by one of my students results whereof will be 
published in due course. 


This preliminary report is published as the writer thinks that Eranthe- 
mum bicolor provides a suitable material for the study of shoot bud initia- 
tion by hormone treatment. 
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EFFECT OF NITROGEN NUTRITION ON 
GROWTH AND SPORULATION OF SOME 
PATHOGENIC FUNGI 


By R. N. TANDON AND JAWAND SINGH GREWAL 
(Department of Botany, University of Allahabad) 
Received January 27, 1956 


(Communicated by Prof. Shri Ranjan) 


NITROGEN is essential for the growth of fungi which are highly specific in 
their food requirements. On the basis of their nitrogen requirements 
Robbins (1937) classified the fungi into four groups. First group can use. 
nitrate, ammonium, organic and atmospheric nitrogen; second one needs 
nitrate, ammonium and organic nitrogen; the third one can utilise ammonium 
and organic nitrogen while the members of the fourth group depend on 
organic nitrogen only. Ajello (1948) reported that Polychytrium aggre- 
gatum gave best growth on peptone but it was unable to grow on ammonium 
sulphate and urea. Wolf and Shoup (1943) working on Allomyces arbuscula, 
A. javanicus, A. moniliformis and A. cystogenus found that they were unable 
to use glycine and tyrosine. Leonian and Lilly (1940) reported that 2% 
glycine, alanine, aspartic acid and asparagine induced zygospore formation 
of Phycomyces blakesleeanus but addition of ammonium nitrate either alone 
or in combination with any of the above substances completely suppressed 
their development. These results indicate that the growth and sporulation 
of fungi varied considerably on different nitrogen compounds. It was, 
therefore, necessary to study the nitrogen requirements of different fungi 
separately. 


MATERIAL AND METHODS 


The investigations were carried out with three different fungi. Gleo- 
sporium musarum Ck. and Mass. was isolated from bananas, Gleosporium 
papaye P. Henn. and Colletotrichum papaya P. Henn. from papayas. They 
were purified and then maintained on modified czapek’s medium contain- 
ing NaNO; 2-0gm.; K,HPO,, 1-0gm.; MgSO,, 0-5 gm.; sucrose, 
15-0 gm.; FeSO,, 0-01 gm., and double distilled water 1000c.c. For the 
study of nitrogen requirements of the fungi, sodium nitrate of the basal 
medium was substituted with equivalent amount of organic or inorganic 
nitrogen compounds containing 329mg. of nitrogen present in czapek’s 
medium. The amount of peptone added was equal to the weight of sodium 
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nitrate present in czapek’s medium. The following sources of nitrogen were 
used. 


I. Inorganic compounds—Ammonium acetate, ammonium bromide, 
ammonium chloride, ammonium dihydrogen phosphate, ammonium nitrate, 
ammonium oxalate, ammonium sulphate, ammonium tartrate, calcium 
nitrate, magnesium nitrate, potassium nitrate, potassium nitrite, sodium 
nitrate and sodium nitrite. 


II. Organic compounds.—Glycine, d-alanine, valine, /-leucine, l-phenyl- 
alanine, /-aspartic acid, glutamic acid, /-asparagine, histidine, acetamide, 
methionine, urea, thiourea and peptone. 


Liquid cultures containing 50 c.c. of nutrient solution in 150 c.c. conical 
flasks were sterilized at 15 1b. pressure for 15 minutes. Previous investiga- 
tions had indicated that pH 6-0 was best for their growth and sporulation. 
The same pH was, therefore, adjusted for all media. Pyrex glassware, purest 
available chemicals and double distilled water were used throughout the 
investigation. The different media were inoculated with inoculum of equal 
size (obtained from 15 days old cultures) and they were incubated at 23° C. 
for 21 days. The dry weights and sporulation were recorded at the end of 
1, 2 and 3 weeks. The cultures were filtered on weighed filter-papers and 
the mycelial mats were thoroughly washed with distilled water so as to 
remove the salts associated with the mycelium. They were dried to constant 
weight at 80° C. and weighed rapidly on analytical balance. It was found 
that in each case the mycelial weight continued to increase with time and 
there was no difference in general trend of growth in any case. No autolysis 
of the mycelium was observed within the experimental period. The final 
weights taken after 21 days have, therefore, been recorded in Table I. 


The dry weights recorded in Table I indicate that significantly good 
growth of all the three fungi was observed on peptone, magnesium nitrate, 
glycine, ammonium acetate, urea, calcium nitrate, glutamic acid, d-alanine, 
acetamide, /-asparagine, potassium nitrate, sodium nitrate, histidine, valine, 
methionine, /-phenyl-alanine, ammonium tartrate and ammonium oxalate. 
On the contrary, /-aspartic acid, ammonium sulphate, ammonium dihydro- 
gen phosphate, ammonium chloride, ammonium bromide and thiourea 
supported significantly poor growth of all the three fungi. In general all 
nitrates except ammonium nitrate and all organic compounds except aspartic 
acid and thiourea supported good growth while ammonium salts of in- 
organic acids supported significantly poor growth of all the three fungi. 


Nitrogen Nutrition on Growth and Sporulation of Pathogenic Fungi 65 


The results of the table also indicate that the source of nitrogen in the 
medium exerts dominating influence on sporulation. The various com- 
pounds supported different degrees of sporulation of the three fungi but in 
general peptone and all nitrates (except NH,NO,), d-alanine, urea and ace- 
tamide induced good sporulation, whereas all ammonium salts, glycine, 
glutamic acid, valine, methionine, /-phenyl-alanine, /-leucine, /-aspartic acid 
and thiourea supported poor to fair sporulation or they completely checked 
it. There was no growth of all the three fungi on nitrites of sodium and 
potassium as well as in the complete absence of nitrogen from the medium. 


DISCUSSION 


In present investigations Gleosporium musarum, Glesporium papaye 
and Colletotrichum papaye failed to grow on potassium nitrite and sodium 
nitrite. Brock (1951), Marsden (1954) as well as Tandon and Agarwal 
(1953), however, found that the fungi investigated by them could utilise 
nitrites. 

Ammonium acetate supported good growth of the three fungi under 
investigation. Mix (1953), however, found that all the twenty-seven species 
of Taphrina studied by him were unable to use nitrogen from ammonium 
acetate. Uppal et al. (1938) and Grewal (1955) obtained good growth of 
Alternaria burnsii and Alternaria tenuis on ammonium tartrate. Similar 
results were obtained with the organisms used in present studies. All 
nitrates (except NH,NO,) supported good growth of the three fungi. Fergus 
(1952) working on Penicillium digitatum found that nitrates (except NH,NO,) 
were either not at all utilised or were only poorly utilised. 


Tochinai (1926), Leben and Keitt (1948) as well as Wolf (1953) obtained 
good growth of Fusarium lini, Colletotrichum lini, Venturia inequalis and 
Ustilago zee on glutamic acid. Similar results were obtained for the three 
fungi used in these investigations. The three fungi gave good growth on 
histidine, acetamide and methionine but Steinberg (1942) and Brock (1951) 
reported that they were unsatisfactory for the growth of Aspergillus niger 
and Morchella esculenta. Leben and Keitt (1948) and Gordon (1950) found 
that the growth of Venturia inaequalis and Endoconidiophora moniliformis 
was good on urea which was also found to be good source for the present 
three fungi. It, however, supported poor growth of the fungi investigated 
by Uppal et al. (1938) and Srivastava (1951). 


Peptone and all nitrates (except NH,NO,) induced good sporulation 
of the three fungi used in the present study. Patel et al. (1950), Timnick 
et al. (1951) and Grewal (1955) also found potassium nitrate to be a good 
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source of nitrogen for the sporulation of Pestalotia psidii, Melanconium 
fuligineum, and Alternaria tenuis respectively. The three fungi used in pre- 
sent investigation failed to sporulate on ammonium bromide, ammonium 
chloride and ammonium sulphate. Grewal (1955) obtained similar results 
with the above compounds. Patel et al. (1950), Mathur er al. (1950) and 
Timnick et al. (1951) reported that ammonium sulphate was a poor source 
of nitrogen for sporulation of fungi investigated by them. 


G. papaye failed to sporulate on glycine, /-leucine and glutamic acid 
but they supported fair sporulation of G. musarum and C. papaye. Steinberg 
(1942) obtained good sporulation of Aspergillus niger on above compounds. 
Peptone supported good sporulation of all the three fungi. Mathur et al. 
(1950), Marsden (1954) and Grewal (1955) also found it to be good for the 


sporulation of Colletotrichum lindemuthianum, Hormodendrum resine and 
Alternaria tenuis. 


The present study indicates that all nitrates (except NH,NO;) and a 
number of complex nitrogen compounds supported good sporulation while 
a majority of ammonium salts as well as some other substances suppressed 
sporulation of the three fungi. The sete of C. papaye which were the basis 
of the separation of Colletotrichum from Glcosporium were also influenced 
by nutrition. The number as well as the presence or absence of sete of 
G. papaye was controlled by the nature of the nitrogen compound added to 
the basal medium. 


SUMMARY 


Effect of twenty-eight different nitrogen compounds on dry weight and 
sporulation of Gleosporium musarum isolated from bananas, Gleosporium 
papaye and Colletotrichum papaye isolated from papayas, was studied in 
liquid cultures. There was no growth of the three fungi on nitrites of 
sodium and potassium as well as in complete absence of nitrogen from the 
medium. All nitrates (except NH,NO,) and majority of organic compounds 
supported good growth while ammonium salts of inorganic acids and thio- 
urea supported significantly poor growth of all the three fungi. 


Results also indicate that the source of nitrogen in the medium exerts 
dominating influence on the sporulation. d-alanine, urea, acetamide and 
all nitrates (except NH,NO,) induced good sporulation. Most of the ammo- 
nium salts, glycine, glutamic acid, valine, methionine, /-phenyl-alanine, 


I-leucine, /-aspartic acid and thiourea supported poor to fair sporulation 
or completely checked it. The number as well as the presence or absence 


of sete of C. papay@ was controlled by the nature of the nitrogen added to 
the basal medium, 
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ON THE VERTICAL DISTRIBUTION OF CHEMICAL 
CONSTITUENTS IN THE SHELF WATERS 
OFF WALTAIR 


By P. N. GANAPATI, F.A.Sc., E. C. LA FOND AND P. V. BHAVANARAYANA 
(Andhra University, Waltair) 
Received June 1, 1956 


INTRODUCTION 


Tue Zoology Department of Andhra University has taken up the study of 
the chemistry and biology of the Western Bay of Bengal, with special reference 
to its hydrography. Several studies have already been completed, among which 
are those of Ganapati et al. (1954, 1955), who have related the surface currents 
to salinity, temperature and planktonic conditions. The environmental 
factors effecting vertical circulation, namely, upwelling and sinking, have 
been discussed by La Fond (1954 a, b). The present investigation is directed 
towards the study of the vertical distribution of salinity, phosphate, silicate 
and oxygen and their relation to the currents and biology of the area. 


Data.—On the Andhra University Oceanographic cruises, vertical series 
of water samples were taken at most of the 700 odd stations occupied. These 
samples were analysed in the laboratory for the various chemical constituents. 
For example, the salinities were determined by the classical Knudsen’s 
method ; inorganic phosphates by the method of Deniges as modified by Robin- 
son and Thompson (1948); silicates by the Dienert and Wandenbulcke 
method as modified by Robinson and Thompson (1948); and the dissolved 
oxygen content by the Winkler method. Seven representative examples of 
the vertical series detailing the chemical properties are given in Table I. These 
were chosen to illustrate both the vertical chemical structure of the water and 
the changes which occurred from October 1955 to May 1956. All stations 
occupied were on the continental shelf just off Waltair as indicated by the 
latitude and longitude. 


It can be seen from the tabulated salinity that the surface values run from 
15-59%, in October to 33-49%, in May, whereas the near bottom salinity 
increases from 31-13%, to 35-16%. The striking difference between surface 
and bottom salinity is shown in Fig. 1. 


The phosphates were observed to be rather constant at the surface 
throughout this season, ranging from 0-48 to 0-62 ug. atoms. The subsur- 
68 
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TABLE I 


Chemical Data from Seven Oceanographic Stations off Waltair 


Water 
Station Latitude | Longitude |Depth| Salinity 
number (° N.) (°E.) (use (%o) /L.) | /L.) |(m1./L.) 
479 X| 28-10-1955 | 17°14-9’N.| 83° 19-8’ | 0 | 15-59 | -69 4-9 | 3-83 
s | 23-86 | -72 7:8 | 2-82 
16 | 31-13 | -84 8-1 | 2-79 
487 | 10-11-1955 | 17° 26-0’ | 83°24-5° | © | 23-19 | -61 6-2 | 3-11 
8 | 28-40 | -79 8-7 | 3-09 
20 | 29-88 | -84 | 10-0 | 2-89 
41 | 31-36 | -87 | 1-2 | 283 
61 | 32-66 | -99 | 12-2 | 2-83 
524B] 13-12-1955 | 17° 41-5’ | 83° 30-0’ | | 28-46 | -61 5:3 | 3-63 
9 | 28-96 | -87 5-6 | 3-43 
is | 31-17 | -94 6-5 | 3-42 
26 | 31-82 | 1-02 6-8 | 2.92 
44 | 32-47 | 1-30 8-2 | 2-43 
591 | 17—2-1956 | 17° 33-0’ | 83° 26-0’ | 0 | 32-20 | -48 7-5 | 3-93 
29 | 32-63 | -53 8-2 | 3.79 
49 | 33-24 | -59 8-7 | 3-03 
59 | 33-93 | -76 9-3 | 2.48 
64 | 33-96 | 9-3 | 2-46 
627 | 13—3-1956 | 17° 35-5’ | 83° 28-0’ | 0 | 33-24 | -62 7-5 | 5-58 
s | 34-78 | -62 | 15-3 | 5-028 
23 | 34-60 | -95 | 15-6 | 4-11 
31 | 34-92 | 1-12 | 20-0 | 3-83 
48 | 35-16 | 1-16 | 20-2 | 3-09 
60 | 35-16 | 1-52 | 27-5 | 2-90 
606 | 24—4-1956 | 17° 38-2” | 83° 30-2 | 0 | 33-35 | -51 7-5 | 3-74 
11 | 33-44 | -61 7-8 | 3-03 
23 | 33-62. | -83 8-1 | 2-89 
34 | 33-64 | -94 | 10-6 | 2.87 
48 | 33-96 | 1-15 | 10-6 | 2.79 
59 | 34-05 | 1-12 | 10-9 | 218 
715 | 4-5-1956 | 17° 34-5’ | 83°28-5' | © | 33-49 | 9-4 | 418 
16 | 33-75 | -58 | 106 | 4-18 
23 | 33-78 | -60 | 10-7 | 3-64 
41 | 33-86 | .61 | 11-9 | 3-33 
51 | 34-02 | -64 | 12-5 | 2-48 
61 | 34-11 69 | 128 | 218 


face phosphate values showed an increase during March and April to as high 
as 1-52g. atoms. After this the concentration decreased to 0-69 in May. 


The silicates are more variable but showed a general increase at all 
depths from October to May with a maximum peak of 27-5 ug. atoms at 60 
metres depth in March. In other months the values ranged from about 
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9 to 14g. at 60 metres. It can also be seen from the table that salinities, 
phosphates, and silicates all increase with depth. 


/ 
/ 7 
SALINITY 
SINKING 
0 N 0 J F M A M 


MONTHS 
Fic. 1. Comparison of surface and bottom salinity off Waltair during the period of sinking 
and upwelling. (See table for location of stations from which the data were taken.) 

The dissolved oxygen content was at a minimum during the fall months 
(2-4 to 4-0 ml./L.) and increased to the highest in March (5-6 ml./L.), as do 
the other three variables. In all cases the water is not saturated and the 
oxygen concentration decreases with depth. 


DISCUSSION 


Both the horizontal and vertical currents in the Bay of Bengal must be 
considered in explaining the chemical composition and its seasonal changes. 
From January to July the current flows in a general north-east direction, and 
from August to December the flow is reversed. In addition, there is a vertical 
displacement of water near the coast. That is, during October and November 
a shoreward or sinking motion is observed whereas in March and April this 
circulation is reversed and upwelling occurs. All these, together with the 
utilization of nutrient salts by organisms, influence the chemical composition. 


Salinity, for example, shows a large difference from surface to bottom 
during the period of sinking (see Fig. 1). This is attributed to the influx 
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of fresh-water from no less than 6 large and other small rivers to the north. 
The fresh-water remains at the surface because of its lower density thus creating 
the large vertical salinity gradient. This Northern Dilute water is also 
deflected towards the shore where the sinking is maximum. The later increase 
of both the surface and bottom salinity is the result of the influx of highly 
saline Southern Bay of Bengal water as the runoff subsides and the currents 
reverse in January. This is further affected by the upwelling of deeper and 
still more saline water during March and April. 


The phosphate increase during March and April can also be attributed to 
the upwelling, which brings up the higher concentrations to shallower depths, 
where they can be utilized by phytoplankton. The increased planktonic 
production and utilization is reflected in the lower phosphate values in May. 


The general increase of silicate at all depths from October to May may 
be attributed to the reduction of fresh water runoff, its replacement by Southern 
Bay of Bengal water, and by upwelled deeper layers. Although utilized by 
plankton, the advected water, especially by the March upwelling, appears to 
keep the water nourished. The regeneration by bacteria must also did the 
silicate concentration in late spring. ; 


The high values of the dissolved oxygen content of 5-58 ml./L. at the 
surface are due to photosynthetic activity during the season of upwelling. 
The low concentration from October to February reflects the reduced produc- 
tion. Likewise, the lower values of 2-7 to 4-2 ml./L. during May is probably 
due to the replacement of phytoplankton by the zooplankton. In all cases 
the water is not saturated. 


SUMMARY 


The chemical composition of the shelf water has been investigated and 
examples of the vertical chemical structure are given in the table. From these 
values and other related hydrographic information the chemical factors con- 
trolling the composition of the shelf water may be discussed. 


The range of salinity between surface and bottom was greater during the 
period of sinking and lower during upwelling. The high values of salinity, 
phosphate, silicates and oxygen were influenced by upwelling. The advection 
of Northern Dilute water and Southern Bay of Bengal water also affect the 
vertical and horizontal chemical structure of the water. These were further 
modified by planktonic consumption during periods of accelerated production. 
A detailed report is under preparation. 
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INFLUENCE OF COMBINED ADMINISTRATION 
OF VITAMIN A AND CALCIUM 
ETHYLENEDIAMINE TETRAACETATE ON THE 
ELIMINATION OF RADIUM D IN RATS 


By M. K. NERURKAR AND M. B. SAHASRABUDHE 
(Biology Division, Dept. of Atomic Energy, Indian Cancer Research Centre, Parel, Bombay-12) 
Received June 2, 1956 


(Communicated by Dr. V. R. Khanolkar, F.A.sc.) 


ETHYLENEDIAMINE TETRAACETIC ACID (EDTA) and its sodium and calcium salts 
have been known to form water-soluble and readily diffusible chelates with 
polyvalent cations (Martell and Calvin, 1952). These have been used with 
great advantage for enhancing the excretion of radioactive metals from the 
body (Foreman and Hamilton, 1951; Cohn et al., 1953; Schubert, 1955). 
It was however pointed out that treatment with EDTA alone is not effective 
in removing the radioisotopes deposited in the skeleton and that its action was 
attributed to its ability to chelate the metals present in the circulation only. 
Vitamin A administration in massive doses has been shown to induce 
decalcification (Nerurkar and Sahasrabudhe, 1956) and acceleration of the 
processes of absorption and resorption of bone (Wolbach, 1947; Barnicot, 
1950). It was therefore argued that if the radioactive element is first mobil- 
ised and liberated in the blood stream by inducing decalcification of bones, 
it would be comparatively easier to remove it as a chelate of EDTA. The 
present investigation has therefore been undertaken to investigate this 
particular aspect. An attempt has been made to compare the therapeutic 
effectiveness of administering vitamin A, calcium-disodium salt of EDTA 
(Ca-EDTA) either individually or simultaneously on the excretion of radio- 
element in rats. Radium D has been used as bone-seeking element for two 
reasons: (1) It is one of the long-lived disintegration products of radon 
which constitutes serious health hazards by virtue of their “ bone-seeking ” 
propensities (Hamilton, 1947) and (ii) it has the same properties as lead so 
that the results might be useful in the clinical management of lead poisoning. 


EXPERIMENTAL 


Inbred Wistar strain male rats, 24-3 months old, weighing between 
200-250 gm. have been used in the present investigation. The animals 
were divided into four groups of eight animals each. The first group served 
as the controls, whereas the second group received 40,000 I.U. of vitamin A 
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(synthetic vitamin A palmitate of Hoffmann-La Roche) orally per day for 
10 days. Third group of animals was injected intraperitoneally with 50 mg. 
of Ca-salt of EDTA per day for 13 days. The fourth group received the 
combined treatment of vitamin A and Ca-EDTA as in second and third 
groups, there being a lag of 4 hours between vitamin A and Ca-EDTA 
administrations. The treatment in every group was started 24 hours after 
the injection of Radium D. All the animals including the controls were 
injected intraperitoneally with 0-2 ml. of a solution of Radium D chloride 
containing approximately Syc. of Radium D (equivalent to 216,000 
counts/min.). After the administration of Radium D, the rats were placed 
in metabolic cages arranged for separate collection of urine and feces. 
The animals were maintained on a standard laboratory diet and water 
ad libitum. Every day the cages were washed with 0-5 N hydrochloric acid 
and washings pooled with the urine. Urine and feces were collected for a 
period of 14 days and were analysed for their Radium D content. At the 
end of the experimental period, the rats were sacrificed and livers, kidneys 
and bones were removed for determination of Radium D content. Previous 
experiments had shown that tissues other than those mentioned above did 
not contain any of the injected Radium D. The bone sample consisted of 
whole tibia-fibula thoroughly freed of muscle and tendon. 


For the estimation of Radium D, the samples of feces, bones and soft 
tissues were digested at 105° C. in an oven, for several hours, using a mixture of 
concentrated perchloric acid and concentrated nitric acid (3: 1). Concentrated 
nitric acid was frequently added to complete the digestion. The digests 
when clear, were neutralised and made up to 0-5 N with hydrochloric acid 
(Fink, 1950). Suitable aliquots of the neutralised digests were plated out 
on stainless steel planchetts, dried under an infra-red lamp and the radio- 
activity measured using a mica window G.M. counter (2 mgm./sq.cm.). 


RESULTS 


Figure 1 shows the results obtained with the administration of vitamin A 
and calcium salt of EDTA on the excretion of Radium D. The data per- 


taining to the distribution of Radium D in bones, kidneys and liver are 
presented in Table I. 


It will be noted that the treatment with vitamin A alone resulted in the 
excretion of 58-8 per cent. of the injected Radium D, during the 14 days, 
as compared to 53-5 % in the untreated controls. The increased 
excretion of Radium D in vitamin A treated animals appears to be derived 
entirely from the skeleton. The vitamin A treatment reduced the Radium D 


Vitamin A & Ca-EDTA on the Elimination of Radium D in Rats 75 


: 80 F D VitA+Ca EDTA 
C Co EDTA 

TOF 
2 
B Vit.A 

A Control 
o 
40F 
Control group 
B - Vit A group, dose 40,000 1.U. Vit. A 
5 2 per doy orally 
C - CoEDTA group, dose 50mg. Ca EDTA 
per doy introperitoneolly 
5 0 D - Vit.A +CaEDTA group 
w The arrow indicates the stort of treatment 


2 4 6 8 © 2 14 


Doys ofter injection 
Fic. 1. Effect of Vitamin A and Ca-EDTA Administration on the excretion of 
injected Radium D in Rats 


retention in bones (18-2%) but it had no effect on the levels of Radium D 
in livers and kidneys. 


Intraperitoneal administration of Ca-EDTA resulted in the excretion of 
72-80% of the administered Radium D, during 14 days, whereas the 
combined treatment with vitamin A and Ca-EDTA resulted in a total Radium D 
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TABLE I 


Comparison of the Effect of Vitamin A and Ca-EDTA Treatment on the 
Retention of Injected Radium D in Various Tissues of Rats* 


Treated animals 
Tissue Vitamin A | Ca-EDTA (8) | Vitamin A+Ca-EDTA (8) 
40,000 1.U. 50 mg. per day |40,000 I.U. vit. A+50 mg. 
per day orally (8)| intraperitioneally Ca-EDTA per day 
Counts/min./gm. |Counts/min./gm. | Counts/min./gm. Counts/min./ gm. 
Bone 4277-0 3491-0 3388-0 2312-0 
Kidneys vs 2262-0 2079-0 556-0 298-0 
Liver | 81-0 95-0 55-0 42-0 


The figures in parenthesis represent the No. of animals. 


* The treatment was started 24 hours after the Radium D administration and all rats were 
sacrificed 14 days after Radium D injection. 


excretion of 80-96% which was significantly more than that resulting 
from any other method. Treatment involving Ca-EDTA alone, was more 
effective in reducing the deposition of Radium D in soft tissues (75-4% in 
kidneys and 32-0% in livers) than in bones (20-6%). On the other hand, the 
simultaneous administration of vitamin A and Ca-EDTA was more effective 
in this respect, removing 45% of radioactivity from the skeleton and 86-8% 
from the soft tissues. 
DISCUSSION 


In the adult animals it has been shown (Neumann, 1955) that the radio- 
active bone-seekers are deposited principally in the newly forming Haversian 
systems, formed at the time of entry of the isotope into the body. With the 
passage of time, these new Haversian systems rapidly mature and become 
inactive and impermeable. The radioisotope thus becomes entrapped and 
is isolated from contact with the circulating fluids. Because of this, all the 
previous studies with chelating agents have been relatively unsuccessful in 
mobilizing the skeletally deposited radioisotopes. 


In the present investigation negative calcium balance and resorption 
of bones was established with the administration of massive doses of vitamin 
A. It was expected that this treatment would considerably reduce the depo- 
sition and retention of radioelement in bones. This is amply borne out 

_ by the results obtained with the combined treatment with vitamin A and 
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Ca-EDTA. The failure to get rid of all the radioactivity was probably due 
to the fact that the negative calcium balance was operative only for four 
days. Excess vitamin A administration was withdrawn because it has been 
our experience that administration of vitamin A at such a high dose, for 
more than 10 days results in irreversible fractures and deformities of bones. 
If by some means, one could sustain the negativity of the calcium balance 
for longer periods without any of the irreversible effects, it might be possible 
to remove a larger proportion of radio activity than has hitherto been possible. 
Further work in this direction is in progress. 


SUMMARY 
1. Rats injected with Radium D were treated with vitamin A, calcium 


salt of EDTA individually and concurrently, to study their effects on the 
excretion and retention of Radium D. 


2. Combined treatment with vitamin A and Ca-EDTA resulted in the 
excretion of 80-96% of the injected Radium D as compared to 72-80% in 
Ca-EDTA treated animals. Treatment with vitamin A alone increased the 
excretion of Radium D from 53-58% in untreated controls to 58-79%. 


3. Vitamin A is effective in reducing the retention of Radium D in 
bones, while Ca-EDTA is more effective in lowering soft-tissue retention of 
Radium D. When both the agents are used concurrently it is possible to 
remove a major portion of the deposited Radium D from skeleton as well as 
from soft-tissues. 


4. Further possibilities of increasing the therapeutic effectiveness of the 
procedure are discussed. 
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STUDIES IN THE GENUS PHYTOPHTHORA 
IV. New Hosts for P. palmivora from South India 


By T. S. RAMAKRISHNAN, F.A.Sc. AND V. SEETHALAKSHMI 
Received June 4, 1956 


Phytophthora palmivora has been known to infect several hosts of econo- 
mic importance in South India and cause considerable damage and monetary 
loss. During the course of our studies of this species some new hosts were 
also observed to be affected by it in nature. The isolates from these hosts 


were examined in detail and their characteristics are recorded in this com- 
munication. 


Areca lutescens, an ornamental palm growing in the Botanical Garden 
attached to the Agricultural College, Coimbatore, exhibited the incidence 
of bud-rot (of the whole crown) similar to that noticed in coconut, during the 
rains in September 1952. Dark brown water-soaked lesions were present on 
the outer leaf-sheaths. On removing these it was observed that even the 
growing point in the middle of the crown had been infected and was dis- 
coloured. Consequently the palms had died. Non-septate hyphe were 
present in the infected tissues. On incubation crops of the sporangia of 
Phytophthora were produced and the fungus was isolated into pure culture 
from single sporangium. 


In December 1952, a leaf and flower blight of Bougainvillea spectabilis 
was prevalent in Coimbatore. Dull-green water-soaked lesions developed 
on the leaves. Later the lesions turned dark brown and the tissues rotted. 
If rains continued a wet rot ensued and rapid increase in the size of the lesions 
occurred. A white felt of the fungus mycelium was sometimes noticed on 
them. The bracts of the flowers were also infected and in some instances 
entire branches were blighted. When the affected portions were incubated 


numerous sporangia of Phytophthora were formed and the fungus was isolated 
into pure culture from these. 


A fruit rot of Capsicum grossum was recorded from Coimbatore in Dec- 
ember 1953. The infected fruits were dull-green in colour, the pericarp 
exhibiting a water-soaked appearance. Later they turned yellowish brown 
and rotted. On the surface of the diseased fruits a whitish bloom of fungal 


The subject-matter of this paper formed part of the thesis for the M.Sc. Degree of the Madras 
University of V. Seethalakshmi. 
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growth was evident. A non-oospore forming isolate of Phytophthora was 
obtained from the fruits. Leonian (1922) had described a stem and fruit 
blight of Capsicum from Mexico and had named the causal organism as 
P. capsici. Weber (1932) had reported that the same fungus caused fruit rot 
of bell pepper in Florida. P. parasitica has been recorded on Capsicum in 
Japan (Tasugi and Ikeda, 1939). In the U.S.A., P. infestans (Cox, 1948) 
has been observed to infect Capsicum, while P. cactorum has been noticed on 
this host from Italy (Trotter, 1924). However, there is no record of Phyto- 
phthora on bell pepper from South India. 


Flowers and fruits of Hibiscus esculentus were affected by a wet rot in 
the vegetable garden attached to the Agricuitural College, Coimbatore, in 
November 1952. Flower buds exhibited water-soaked lesions on the corolla. 
Such buds did not open at all but were later involved in a wet rot and the entire 
bud was converted into a black rotten mass. Lesions were noticed on fruits 
in all stages of growth, leading to the rotting of the fruits. In the course 
of two or three days the fruits turned into pulpy rotten mass. An isolate of 
Phytophthora was obtained from the diseased fruits and flowers. Bala- 
krishnan (1947) has recorded a seedling blight of this host among the seedlings 
growing in the green-house of the Government Mycologist, Coimbatore, 
caused by P. palmivora. He found that the same fungus could infect the fruits 
on inoculation. His isolate, however, did not produce oospores in single 
strain cultures. 


A severe incidence of seedling blight of Mimusops hexandra was observed 
in the orchards of the Agricultural College, Coimbatore, in 1952. The seed- 
lings were infected while still in the four-leaved stage. The collar rotted and 
the seedling was killed. The roots were found to be quite healthy. An iso- 
late of Phytophthora was obtained from the diseased seedlings. Bunting 
(1925) described a fruit rot of Mimusops elengi from the Gold Coast caused by 
Phytophthora. Ashby (1929) who examined this isolate has reported that it 
belonged to his ‘rubber’ group of P. palmivora. 


Thus five isolates of Phytophthora were obtained from the five different 
hosts mentioned above. These are designated in the following pages as 
A, B, C, H and M respectively according to the initial letter of the name of 
the host genus, from which the isolation was made. 


Isolate A.—This produced a luxuriant fluffy white aerial growth on oats, 
french bean and maize-meal agars, filling the Petri dishes (10 cm.) in four days. 
The hyphe were on an average 5 » in thickness (the range being 3-9 x). Spo- 
rangia were formed in four days. These measured 40 x 31 (28-56 x 13-47). 
Globose chlamydospores were formed in abundance on all media and 
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measured 45 » (31-56) in diameter. Sexual reproduction was not in evidence 
in single strain cultures but when this isolate was paired with another from 


betel vine large numbers of oospores were formed on oats agar in the course 
of three weeks. 


Isolate B.—A white fluffy luxuriant aerial growth developed on all the 
media. The hyphe had an average thickness of 54 (4-9). Sporangia and 
chlamydospores were formed in abundance, the former measuring 40 x 31 » 
(28-56 x 19-45), and the latter 34(25-40) in diameter. The chlamydo- 
spores were smaller than in A. Sexual reproduction was observed only in 
cultures growing on oats agar, after ten weeks. The antheridia were amphi- 
gynous. The oogonia were spherical and thin-walled and 26 (24-31) in 
diameter. Oospores were spherical with thick, dark brown smooth wall 
and measured 22 (16-25) in diameter. 


Isolate C.—Profuse white fluffy aerial growth occurred on all the media. 
The hyphe exhibited an average thickness of 4-5 (3-9). Abundant forma- 
tion of sporangia and chlamydospores occurred in a week on all the media. 
The sporangia were limoniform and measured 40 x 28 pu (28-59 x 19-34). 
The chlamydospores were spherical and were 37 » (22-43) in diameter. Sexual 
reproduction was not evident on any of the media even after six months. 


Isolate H.—A luxuriant white aerial growth occurred on the three media 
used. Asexual reproduction was profuse with abundant formation of both 
sporangia and chlamydospores on all the media. The sporangia were typi- 
cally obpyriform and comparatively bigger than those of the other isolates. 
They measured on an average 62 x 37 (22-102 x 19-53). There was wide 
variation in the size of sporangia formed on different media, those formed on 
maize-meal agar being the smallest. The chlamydospores were globose and 
had an average diameter of 50 (31-71). Even the chlamydospores were 
bigger in size than those produced by the other isolates. Sexual reproduction 
was evident on all media in single strain cultures in a month. The oogonia 
were spherical, yellowish brown and measured 28 » (23-31) in diameter. 
The antheridia were amphigynous. Oospores were thick-walled, yellowish 
brown and measured 16-23 in diameter. 


Isolate M.—A luxuriant white fluffy aerial growth developed on all the 
media. The hyphe measured 4-10» in thickness. Sporangia and chlamydo- 
spores were produced on all the media in six to eight days. The former were 
limoniform or subspherical and were 40 x 25 (28-53 x 19-40) in size. 
The chlamydospores had an average diameter of 34(22-40). Sexual re- 
production was obtained only on carrot agar and not on the other media. 
The oogonia were spherical, thick-walled, yellowish brown and measured 
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TABLE I 


Results of Inoculation 


No. infected by isolate 


Hox | 
A B | Cc | H M 
Agave wightii Leaf 12 6 oe 
Areca catechu Fruit 12 6 ee ee 
Artocar pus incisa do 6 6 6 6 6 
Bougainvillea spectabilis | Flower 12 ° 12 7 12 os 
Leaf 12 ee 12 8 12 ee 
Capsicum grossum e-| Fruit 6 ee 6 6 6 6 
Cocos nucifera Leaf-bud 6 6 6 6 
Hibiscus esculentus «+| Flower 12 ee 12 8 12 ee 
Fruit 12 8 8 12 
Hibiscus rosasinensis ..| Leaf 12 ee ee ee eo 
Flower 6 5 5 6 
Jatropha curcas Leaf 6 6 eo oe 
Fruit 6 6 oe 5 6 ee 
Stem 6 ee ee ee 
Lycopersicum esculentum| Seedling 6 ee 6 
Fruit 6 ee 6 6 6 6 
Mimusops hexandra ..| Seedling 12 ee ee ee 12 
Nicotiana tabacum os do 6 ee 3 3 *e a 
Ricinus communis ee do 12 12 12 12 12 12 
Solanum melongena do 6 eo és ee ee 
Fruit 6 oe 6 6 ee 6 
Solanum tuberosum Tuber 6 6 6 


26 » (22-37) in diameter. The antheridia were amphigynous. The oospores 
filled the oogonia almost completely and were thick-walled and yellowish 
brown with an average diameter of 25 » (19-34). It was interesting to note 
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that even though the isolate was bisexual it produced oospores only on carrot 
agar. 


Differences were evident in the shape and size of the asexual reproductive 
bodies formed by the different isolates. But these were within the range of 
variations observed in P. palmivora. Three of the isolates were homothallic 
and two heterothallic. Some of the homothallic ones did not always produce 
the sexual bodies on all media but only on particular media. Oats and carrot 
agars were found to be better suited for the formation of sexual bodies than 
french bean agar with these isolates. The measurements of these structures 
were more or less of the same magnitude and in agreement with those observed 
in P. palmivora. 


PATHOGENICITY 


The pathogenicity of these isolates on some of the common hosts of this 
genus was tested under green-house conditions at Coimbatore. The results 
are recorded in Table I. 


Differences were observed in the capacity of the isolates to infect different 
host plants. All of them infected Ricinus communis. The isolate A 
infected only six of the host plants while C and H were pathogenic to eight of 
them. No isolate was able to parasitise all the hosts under trial. Although 
P. palmivora has a wide host range, different strains are known to exhibit 
differences in their capacity to infect these hosts. 


DISCUSSION 


Five isolates of Phytophthora from five different host plants have been 
studied. These exhibited differences in their morphological characters, 
capacity to produce sexual reproductive bodies and ability to infect different 
host plants. These differences however do not justify their classification into 
different species. They have to be considered only as different strains of 
P. palmivora. Homothallic and heterothallic strains are known to be prevalent 
in this species. Sexual reproduction is bound to lead to the formation of 
variants in the progeny depending on the parent or parents involved. This 
results in the development of numerous strains exhibiting variations in the 
different characters. Consequently it will be necessary to keep the limits 

the species elastic to some extent. Further one has to decide how far 
these characters can be depended upon to differentiate the species. After 
a study of numerous isolates of Phytophthora belonging to different alleged 
species Leonian (1934) came to the conclusion that in the separation of the 
species, factors such as the presence or absence of fruiting bodies and their 
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morphology, host relations, etc., are of no more value than temperature rela- 
tions, a factor which is worthless. Even the retention of P. parasitica as 
a species different from P. palmivora was considered by him as futile. The 
same view was held by Thomas and Ramakrishnan (1948). In the light of 
the above observations we consider that the different isolates under study as 
belonging to one species only, P. palmivora. All the isolates have been 
obtained from the same locality, which adds strength to our view that the 
different isolates represent only variants of the same species. It is quite 
possible that different species can exist in the same locality. But the resem- 
blances exhibited by the isolates to the variants of P. palmivora examined by 
us help to confirm our view that all of them belong to P. palmivora. 


SUMMARY 


Five hosts have been observed to be parasitised by P. palmivora in nature 
in Coimbatore. These (excepting one) are new records for India, and South 
India in particular, where this fungus is known to be very active. The mor- 
phological characters and pathogenic ability of the isolates are described. 
Three of them were homothallic and two heterothallic. It is concluded that 
all of them are to be included in the same species though some differences 
could be made out between them. These differences are considered to be 


not dependable in specific differentiation. 
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EXPLANATION OF PLATE 


Fic. 1. Bougainvillea spectabilis: left branch healthy, right diseased. Fic. 2. Capsicum 
grossum: top row healthy, bottom row diseased. Fic. 3. Hibiscus esculentus: right end healthy ; 
‘left (two) diseased. 
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A HYDROLOGICAL INVESTIGATION OF LARGE- 
SCALE FISH MORTALITY IN A TEMPLE TANK* 


By R. VENKATARAMAN, S. T. CHARI AND A. SREENIVASAN 
(Fisheries Technological Station, Kozhikode) 
Received June 5, 1956 


(Communicated by Dr. N. K. Panikkar, F.A.sc.) 


RELIGIOUS institutional waters are now being extensively used for pisciculture 
by the State Government. One instance of the success of this method is to 
be seen in the excellent growth of chanos in temple tanks (Chidambaram and 
Unni, 1946). Ganapati et al. (1953) have also recommended the use of such 
waters for stocking fish, however, with the reservation that “ this algal bloom 
should not be allowed to form a dense scum on the surface of the tank, as such 
a state would tend to cause fish mortality in a tank”. The importance of 
this reservation is evident from the mortality of fish due to excessive growth 
of Cyanophycee especially Microcystis, in Vellore Fort Moat described by 
Ganapati et al. (1950) and in certain rock pools of Virudhunagar (Chacko 
and Srinivasan, 1954). Results of investigations on the mortality of fish 
introduced into Nagasunni Tank are presented in this paper. 


MATERIAL AND METHODS 


The water sampler and core sampler used for collection of water and mud 
respectively were the ones described by Chidambaram ef al. (1951). The 
water was analysed, and ‘ Total’ bacterial counts and tests for Coliforms 
made according to APHA (1946) methods. Anaerobic counts were made in 
‘spray dish’ with pyrogallol and alkali. Sodium nitroprusside test was 
used to test for H,S in addition to the smell. The organic matter content of 
mud was determined by ashing the sample—i.e., loss on ignition. 


Physico-chemical Conditions during the Mortality 


On 21-1-1951, three hundred and sixteen fingerlings consisting of 278 
Labeo, 20 Cirrhina and 18 Barbus were introduced into the Sankaranainar 
Koil temple tank (Nagasunni Tank). On the very subsequent day, 250 of 
them died and on 23-1-1951 a further 32 were recovered. All of them were 
found floating on the surface. A hydrological analysis of the water every 
six hours was carried out for full 30 hours and the results are presented in 


* Published with the kind permission of the Additional Director of Industries and Commerce, 
Madras. 
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Table I. Variations in the dissolved oxygen content of the surface water area 
presented in Table II. The organic matter content of the mud samples from 
various portions of the sample are given in Table III. 


TABLE I 

Time | 5 A.M. | 11 A.M 5 P.M. |11P.M. P.M. | 11 AM 
Temperature ° C, oo | | 2 
Colour **| Dark | Dark Light | Dark Dark | Dark 

green | green | brown | green green | green 
Visibility cm. Sechi’s ee a 8-5 oe 9-1 oe ee 12-5 
Free CO2 p.p. 100,000 ++ | 0-52 Nil 1-94 ee ee 0-345) Nil 
COs ” ee Nil 2-21 Nil oe ee Nil 4-086 
HCO | 21-73 14-88 | 23-01 oe 21-10 | 14-06 
Dissolved oxygen/c.c. ee| Nil 5-45 | 0-49 7°61 2-23 Nil 2-23 
pH 7599 | 71 oe 7:3 8-8 
Chlorides p.p. 100,000 -- | 36-6 36-59 | 34-61 * ee 40-55 | N.T. 
2-8 2-2 oe ee N.T 
Phosphates 0-002 0-005) 0-0007) .. ee N.T 
Nitrates oe Nil Nil Nil ee Nil 
Nitrites Nil Nil Nil Nil 
H2S oe Nil Nil Nil ee ee Nil 
“Total count’’/ml. ++ | 22,800 | N.T. | 67,000 ee | N.T — 
Coliform/ml. 2,100] N.T. 5,800 ee | N.T. 

s = Surface. B = Bottom. N.T. = Not tested. 


TABLE 


II 


Dissolved Oxygen in the Surface Water of the Tank 


24-1-1955 


5 A.M. 
11 A.M. 
5 P.M. 
11 P.M. 


25-1-1955 
5 A.M. 
11 A.M. 


c.c./Litre 
Nil 
5-45 
7-61 
2-23 


Nil 
2°23 
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TABLE III 
Organic Matter Contents of the Bottom Mud 
H,O Organic content 
% % 
Sample 1 83-26 12-94 
2 77-59 4-60 
3 77-80 3-41 
4 79-54 2-06 
5 95-79 1-17 
6 76:17 3-16 
7 79-50 4-34 


The tank had an area of approximately 1-25 acres. The average depth 
was 9’ and the range was 3-19’. It is fed by a tank 4 mile away through a 
channel. Due to draught conditions the feeder tank had dried up; practi- 
cally no water was fed into the temple tank for two years preceding. This 
tank was a source of water-supply to the people of the locality. Mainly it 
was used for bathing and washing purposes but a few people also used it for 
drinking after filtering. One particular corner of the tank was well aerated 
by good heavy winds. The north-east portion was densely covered with 
slimy matting of dead and decaying alge. A foul smell reminding one of 
putrefactive odours of decaying whales was emanating, but the odour of H,S 
was not noted. Chemical tests also failed to reveal H,S. But smell of amines 
indole, etc., were very evident. 


Sugars were not present in any considerable quantity in the water. They 
varied from 0-7-6 parts per 100,000 (as sucrose). Salt content was also 
not very high. The alge chiefly Microcystis eruginosa were found to a depth 
of 24” in the water and formed a “ blanket”. Oxygen depletion to a critical 
level was evident from midnight till sunrise as revealed in Table II. 


Pollution is reflected in the high coliform count of 210,000 per 100 c.c. 
to 580,000 per 100 cc. in water and of 296,500 in mud. The total counts of 
bacteria were also high. Thus the sanitary condition of the water was far 
from satisfactory. The dominant flora was that of Aerobacter, Escherichia, 


Bacillus, Micrococcus and Sarcina. Pathological conditions however were 
not noticed in the fish. 
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DISCUSSION 


From the data presented, two points are quite clear, viz., there is an exces- 
sive and dense growth of the blue-green alge, especially Microcystis and that 
oxygen content which is fairly high during daytime is depleted at night and 
early in the mornings. As cited by Ganapati et al. (1953) “ pH value of over 
8-1 indicate that photosynthesis exceeds respiration”. We noticed that the 
pH had fallen below this level when there was oxygen depletion. Fish morta- 
lity is total and all the three species stocked were affected. In the absence of 
H,S and any other adverse factor, it is possible to incriminate only the blue- 
green alge, Microcystis as responisble for this. Firstly, though due to 
photosynthesis it furnishes dissolved oxygen to the fishes, owing to the increase 
in respiratory activities after dusk, oxygen is completely depleted and for 
a long period there is no oxygen at all in any part of the water. Thus the 
death of fish is due to respiratory failure. In this connection it is perti- 
nent to recall the observation of Powers (1934) that fish mortality in ponds is 
due to the effect of CO, on the hemoglobin in the absence of oxygen. Moore 
(1945) in this lucid paper has shown that 1-1 p.p.m. was the lowest oxygen 
tension tolerated by any fish even in winter conditions and that lower than 
this concentration was fatal to all species. He further stated that less than 
2 p.p.m. was fatal in 48 hours, and that small fishes are less tolerant of lower 
O, tension than large fishes. Ellis (1937) also has reviewed similar findings. 
This explains the mortality of fingerlings. 


The second factor appears to be the decaying of the plankton which 
formed a slimy scum on the surface. This also makes inroad into the supply 
of oxygen available. Further the various amines and other noxious products 
like indole produced during the decomposition might have affected the fish. 
In fact the stench was unbearable by us. Prevalence of abiotic conditions 
is thus obvious. The bacterial population is high enough to carry on the 
degradation of the dead alge. 


It is possible that the third effect is a directly toxic effect of microcystis. 
The U.S. Public Health Service (1953) has given a bibliography of toxic alge 
from which it could be seen that apart from fish even cattle and domestic 
animals are poisoned by “ water blooms ” of M. @ruginosa and M. toxica. 


Thus the very simple cause of mortality is the depletion of oxygen due to 
excessive growth of Microcystis. This has been admitted by Ganapati et al. 
(1950) and by Chacko and Srinivasan (1954 a) in two cases but with regard 
to the mortality in Nagasunni Tank, Chacko (1950) and Chacko and Srinivasan 
(1954 b) offer a different explanation instead of the simple one above. They 
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state that the alleged throwing of jaggery into the temple tank by pilgrims is 
responsible for the mortality. This appears to us to be a far-fetched explana- 
tion. The Executive Officer of the Devasthanam informed us (Private Com- 
unication, 1951) that the practice of throwing jaggery into the tank was 
stopped even earlier than 1949. They did not estimate the sugar content but 
our experiments failed to reveal any considerable amount of sugars. It is 
interesting to note the citation of Hoar et al. (1951) that the stickleback could 
tolerate 10% sugar solution but at 15% they did not feed normally and died 
in three days. Even if sugars are present their action is not direct but indirect 
in that the bacteria will produce acids from sugars and thus lower the pH, 
if the medium is not properly buffered, and oxygen depletion also occurs 
(Townsend, 1944). Their reference to saponin is not supported by fact 
since this is found in sugar-factory and starch-factory wastes and not in 
sugars as such. 


CONCLUSION 


The death of fish in Nagasunni Tank is due to anoxemia caused by 
excessive vegetation of Microcystis as a result of which reducing and con- 
suming activities overshadowed producing activities, thus upsetting the 
balance. Sugars do not appear to be the cause of mortality. 
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INTRODUCTION 


TuHIs paper is intended to present comprehensive evidence on the structure of 
the Golgi elements and mitochondria in the intestinal epithelium of the 
earthworm, Pheretima elongata (Steph.) and in the ameebocytes and glandular 
cells of the digestive diverticula of the fresh-water mussel, Lamellidens 
corrianus (Lea). 


Considerable amount of work has been done on the Golgi elements 
(and to some extent on mitochondria) in the cells of earthworms, particularly 
in the cells of the ovary. Among the more important, mention may be made 
of the works of Foot (1894, 1896 and 1898) and of Foot and Strobell (1898, 
1900 and 1901) done at a time when comparatively little was known of these 
cell inclusions and when the technique for their demonstration was not well 
developed. 


The foregoing authors described two types of granules in the egg of 
Allolobophora, viz., ‘deutoplasmic’ or ‘ osmiophile’ granules and smaller 
‘archoplasmic’ granules (mitochondria). The presence of both these 


91 


. 
ort 
2), 
59. 
yer. 
71. 
BY, 
lum 
944, 
tion 
953. 


92 D. N. KAMAT . 


granules was demonstrated by them during all stages of the growth of egg and 
its cleavage. 


According to Harvey (1925, 1929), mitochondria in the ovary of Lumbri- 
cus are not clearly defined in very young oogonia, but when they were first 
noticed, they formed a cap of threads over the nucleus. This cap grows in 
size and density. It migrates away from the nuclear membrane and breaks 
into component threads which are evenly spread in the cytoplasm of the cells. 


On the other hand, mitochondria, both in the oogonia and oocytes, are 
considered to be granular by Calkins (1895) and by Gatenby and Nath (1926) 
in the case of Lumbricus and by Foot and Strobell (1901) in the case of Allolo- 
bophora. 


Nath (1930) studied the Golgi elements in the eggs of Pheretima. They 
stand out prominently in all stages of oogenesis as highly refractile spherules 
of a dark greyish colour. In the earliest oogonia situated near the septal 
insertion of the ovary, there is a single Golgi spherule near the nuclear mem- 
brane. The spherule divides, first into two and then into four and in advanced 
oocytes into a large number of elements distributed uniformly in the cyto- 
plasm. 


In all these studies, osmic acid methods were mainly employed, the value 
of which has been discounted by Nath (1944). It is possible now to study 
them using various other techniques. A study of the structure of Golgi 
elements from the intestinal epithelium of earthworms is likely to throw con- 
siderable light on the physiology of digestion. 


Not much work has been done on the mitochondria and the Golgi 
elements of the amcebocytes and the cells of the digestive diverticula of the 
Lamellidens though some work has been done on allied animals. Legendre 
(1905) investigated mitochondria from neurons of Helix and Kolatchew 
(1916) mitochondria and Golgi elements from molluscan neurons. Ludford 
(1921) investigated these cell inclusions in the oogenesis of Patella. Monne 
(1930) investigated the Golgi elements of Helix, Paludina and Cerithium, 
Young (1932) in the neurons of Cephalopods; Gatenby and Hill (1934) from 
the spermatocytes, pulmonary epithelial cells, ameebocytes and mantle epi- 
thelial cells of Helix, the tissues having been grown in saline by the method 
of tissue culture. 


MATERIAL AND METHODS 


Materials used in this investigation are (1) epithelium of the anterior 
portion of intestine, and (2) egg cells from ovary of the earthworm, Pheretima 
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elongata and (3) the glandular cells of the digestive diverticula and (4) pha- 
gocytic amecebocytes of the fresh-water mussel, Lamellidens corrianus (Lea). 


The eggs of the earthworm and the phagocytic amcebocytes of the mussel 
were examined as smears and squashes to ensure rapid fixation and examina- 
tion without the necessity of dehydrating and embedding the tissues. The 
cytolytic and other changes are minimised by this method and large cells in 
a single layer are available for examination. At the same time, very small 
pieces of intestinal epithelium of earthworm and cells of the digestive diverti- 
cula of the mussel were removed from the animals and transferred very quickly 
to suitable fixatives. 


For investigating Golgi elements, Elftmann’s (1952) direct formalin- 
silver nitrate method was used. According to this technique fixation and 
impregnation are carried out simultaneously. This fixative contains formalde- 
hyde which according to Strangeways and Canti (1927) produces least dis- 
tortion in cells and their component parts, besides having the advantage of 
rapid penetration (Medawar, 1941). 


The details of fixation given by Elftmann were followed. The tissues 
after fixation were prepared for embedding in the usual way. Sections were 
gold-toned and counterstained with eosin or light green. 


Smear preparations of ovary of earthworm and smears of blood drawn 
from the heart of the mussel were also fixed in Elftmann’s formalin-silver 


fixative but the period of fixation was reduced to one-fourth. 


For the study of mitochondria, a large number of fixing and staining 
schedules were tried. It was, however, found that Helly’s fluid gave the best 
results. This fluid fixed mitochondria very well and it was found that it was 
relatively advatangeous to use this fluid as fixative for tissues used for section- 
ing. The egg-smears of earthworm and blood films of mussel were also fixed 
in Helly’s fluid adjusting the period of fixation roughly to half of that required 
for tissues. 


Staining —Egg-smears of earthworm and blood films of mussel fixed as 
described above were stained by iron hematoxylin, aniline-acid fuchsin and 
copper—chrome hematoxylin methods according to details given by McClung 
(1937). 


Examination of Living Material_—Living cells from the intestinal epi- 
thelium of earthworms and also eggs were examined in frog Ringer diluted 
with two or three times its volume by distilled water. (For the suitability of 
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this fluid for this purpose see Millot, 1943.) Cells of earthworm were exam- 
ined without staining, and the fluid was used also as a vehicle for the dye 
used in supravital examination. 


Ovary of earthworm from a freshly killed animal was cut into small pieces 
and put on a slide. Cells were examined under a supported coverslip in 
modified frog Ringer. 


Teased pieces of the cells of the intestinal epithelium after being slit open 
were also examined as stated above. These preparations apparently retained 
their normal condition for several hours. 


Many preparations were stained supravitally by addition of neutral red 
or dahlia to the modified frog Ringer. Some were stained, particularly for 
mitochondria, in 1: 10,000—1 : 20,000 solutions of Janus green B dissolved in 
modified Ringer. 


For the ameebocytes and the epithelial cells of the digestive diverticula 
of the mussel, 0-7% sodium chloride was used. Cells were studied by teasing 
a small piece of digestive diverticulum in a drop of saline covering it with a 
coverslip or by adding a drop of blood to the saline on a slide and lowering 
the coverslip gently over it. For supravital study of these cells, neutral red, 
dahlia or Janus green B was added to the saline. 


OBSERVATIONS 
(i) Intestinal Epithelial Cells of the Earthworm, Pheretima elongata 


The cells are of two kinds: Ciliated cells and gland cells. The latter 
are very variable in size, shape and the relative abundance and prominence of 
cell-inclusions. The cytoplasm frequently appears as reticular, and may be 
basophile or acidophile, both reactions being often exhibited by different 
regions of the same cell. But basal portions of the cells are usually basophile. 
The cytoplasm is laden with acidophile zymogen granules of variable dimen- 
sions and number, many of which appear to be enclosed in discrete vacuoles. 


The nucleus of the cells may or may not be visible if it is obscured by the 
granules. If seen, the nucleus is found to contain scattered chromatin granules 
and a prominent nucleolus. 


The reaction of zymogen granules to neutral red in vivo is noteworthy. 
These granules stain either homogeneously red, yellow or take intermediate 
colours heterogeneously, some parts staining more intensely than others or 
even differently. 


The gland cells are invested by a sheath made up of 4-5 ciliated cells. 
These are variable in their character, the variations being most marked at the 
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free border where the cilia can be withdrawn. This investment is either com- 
plete or may have gaps depending on the secretory activity of the gland cell. 


In the intestinal cells of the earthworm, the nucleus is slightly eccentric 
being near the base of the cell on the side of the cell away from the lumen of 
the intestine. Thus the cytoplasm occupies a larger area on the apical side 
of the cell. The position of the Golgi element and the mitochondria in these 
cells is shown in Text-Fig. 1 and in photomicrographs Plate VI, Figs. 1-5. 


Text-Fic. 1. Diagram of the intestinal cells of the earthworm, Pheretima elongata, to show 
the position of the Golgi elements and the mitochondria. 

basb, basal border; fb, free border; gp, “Golgi product”; gv, Golgi vesicle; m, 
mitochondria; m, nucleus, 
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When the living epithelium is examined under the microscope, nothing 
even remotely comparable to the Golgi bodies, vacuoles or spherules are found. 
But staining with dahlia has a remarkable effect. In the place occupied by 
the Golgi elements (cp. Text-Fig. 1) a number of vesicular structures with a 
central clear substance and a blue coloured rim are seen. The blue colour is 
often intense even when the dye is used intra vitam in very low concentration. 
In some cells, dahlia stained the central substance light yellow or red, and this 
region in a photomicrograph appears granular (Plate VI, Fig. 1). 


The chromophilic rim of the vesicle (‘ dictyosome’ or the Golgi bead 
according to Gatenby and Nath, 1926) was found in most cases, to be entire. 
Any break in the rim is probably due to partial colouring by dahlia. Even 
in silver impregnated preparations the vesicular nature of the Golgi elements 
could be made out (Plate VI, Fig. 3). Only in certain cases, Golgi elements 
appeared as granules. This may be due to the colouring of the normally 
clear chromophobic substance. 


Golgi elements in the living epithelial cells—in fact both the central and 
the peripheral region—do not at all stain with neutral red. Only a few 
granules, probably secretion granules, were metachromatically stained. 
Similar results were obtained with Janus green B. 


On the other hand, by the Elftmann’s method of silver impregnation 
(1952) the Golgi elements were sharply brought out (Plate VI, Fig. 2). 


Like the Golgi elements the mitochondria could not be made out in the 
living epithelial cells. But the addition of Janus green B showed them as 
tiny, closely aggregated granules. They were found in the apical region of 
the cell near its free border distinct and separate from the Golgi elements 
(Plate VI, Fig. 4). 


In the sections of material fixed in Helly’s fluid and stained with iron 
hematoxylin, mitochondria appear distinctly as granular structures and in 
the form of a few rods (Plate VI, Fig. 5). 


(ii) Egg Cells of the Earthworm, Pheretima elongata 


The oogonia lie near the septal insertion and the oocytes lie more distally, 
the more mature ones at the free distal end of the ovary. The cytoplasm has 
a hyaline appearance with a large nucleus occupying a variable position in 
the egg cell. A prominent nucleolus is also present. 


The examination of living eggs showed the presence of Golgi elements 
as highly refractile spherules of a dark greyish colour. They are not at all 
stained by neutral red. The mitochondria appear as whitish granules and 
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may appear slightly blue when treated with Janus green. Thus, in the main, 
observations by Nath (1930) were confirmed. 


(iii) Glandular Cells of the Digestive Diverticula from the Mussel, Lamellidens 
corrianus (Lea) 


The structure and function of the digestive diverticula of the oyster were 
investigated in great detail by Yonge (1926). Recently, the structure of this 
organ in Lamellidens was described by Karve and Dandekar (unpublished). 
They state that the digestive gland is a large mass, yellowish brown in colour, 
surrounding cesophagus, stomach and parts of intestine adjacent to the 
stomach. The whole mass is composed of clusters of alveoli which appear 
like bunches of grapes. Generally, each cluster is made of 6-8 alveoli, some 
of which may be larger than the other. 


The lumen of an alveolus is slit-like and assumes different forms in sec- 
tions. Yonge (1926) stated that the outline of the cells is irregular in oysters. 
Karve and Dandekar state that these cells in Lamellidens corrianus are poly- 
gonal, large and club-shaped. They contain granules and a number of clear 
spaces. The nuclei are prominent and lie towards the bases of the cells. 


The alveoli are embedded in a fibrous tissue. The cells of the duct, 
on the other hand, are elongated with basal nuclei and are distinctly ciliated. 


Photomicrographs of the glandular cells of the digestive diverticula 
are shown in Plate VII, Figs. 6-8. Text-Fig. 2 shows the position of the Golgi 
elements and mitochondria in the glandular cells from the digestive diverticula 
of the mussel. : 


The Golgi elements in the cells of the digestive diverticula of the mussel 
lie on the apical side of and close to the nucleus which is at the base of the 
epithelial cell. In many cells, the nuclei seem to be pushed through the Golgi 
elements which surround them. A few Golgi elements are present even on 
the basal side of the cell. The mitochondria are found in the apical region, 
nearly towards the middle of the cell (Text-Fig. 2). 


In living glandular cells in 0-7% saline, nothing comparable to Golgi 
bodies and mitochondria is seen, probably because the living cells are full of 
other granules. But if these cells are studied after supravital staining by 
dahlia, an altogether different picture is presented. The Golgi elements appear 
in the form of spherules which, as in the case of the Golgi element in the 
intestinal epithelium of the earthworm, showed a central unstained area 
surrounded by a stained one. The rim is chromophilic and is rounded and 
entire and in no case the rim was found to be broken, incomplete or crescent 
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shaped (Plate VII, Fig. 6). In some cases, the Golgi elements appeared in 
the form of granules and might represent the “‘ Golgi product ”. 


Text-Fic. 2. Diagram of the glandular cells of the digestive diverticula of the mussel, 
Lamellidens corrianus (Lea), to show the position of the Golgi elements and the mitochondria. 
bash, basal border; bm, basement membrane; /b, free border; gp, ‘‘ Golgi product”; 
gv, Golgi vesicle; m, mitochondria; 7, nucleus. 
When impregnated with silver, the Golgi elements were sharply differ- 
entiated, and their position was conspicuous (Plate VII, Fig. 7). 


Very unsatisfactory results were obtained by staining the living glandular 
cells of the digestive diverticula with neutral red. Only in very few cases, 
few granules outside the region of Golgi elements were stained. Even when 
sufficiently long time was allowed to enable the neutral red to penetrate the 
living cells in saline, the Golgi elements did not segregate the stain. 


Mitochondria of these cells which could not be made out in the living 
cells appeared prominently after treatment with dahlia or Janus green. These 
were in the form of granules and in many cases a distinction between a central 
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area and a complete or partial rim could be made out. They occur in com- 
paratively large numbers towards the apical region nearly touching the Golgi 
region so that unless carefully studied, it is not possible to differentiate 
between the two (Plate VII, Fig. 6). 


A similar picture was obtained when these cells were fixed in Helly’s 
fluid and stained with iron hematoxylin (Plate VII, Fig. 8). 


(iv) Amebocytes of the Mussel, Lamellidens corrianus (Lea) 


The ameebocytes in stained sections of tissues-are round or oval generally 
with retracted pseudopodia. The nucleus of the ameebocyte is prominent and 
contains within it darker bodies. Several fixatives such as Bouin’s fluid and 
corrosive sublimate affect the granules which are gradually destroyed by them. 
But such as are not destroyed cannot be stained by ordinary dyes like eosin. 
This probably explains the absence of granules in ameebocytes in fixed blood 
films or in stained tissues. 


Photomicrographs of these cells are shown in Figs. 9-11, while Text-Fig. 3 
shows the position of the Golgi element and mitochondria in these cells. 


cm 


Text-Fic. 3. Diagram of the amebocyte of the mussel, Lamellidens corrianus (Lea) to show 
the position of the Golgi element and mitochondria. 


cm, Cell membrane; gv, Golgi vesicle; mn, Mitochondrial network; 7, nucleus. 
The mitochondria surround the nucleus while the Golgi element in the form 
of a sphere is near the nucleus. In the living cells, however, the granules 
present completely hide these structures. But if stained supravitally by dahlia, 
both structures become conspicuous. 


The Golgi element of the ameebocytes was found to consist of ring-shaped 
dictyosome enclosing a central chromophobic area. In other words, the Golgi 
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element of these cells is of the vesicular type thus resembling the other cells 
so far studied. Only one vesicle could be made out in each amecebocyte 
(Plate VII, Fig. 9). In amcebocytes treated with silver impregnation method, 
a single large granule, representing the Golgi element, could be made out 
(Plate VII, Fig. 10). 


On the other hand, mitochondria were found in ameebocytes treated with 
dahlia as granules scattered in the cells surrounding the nucleus (Plate VII, 
Fig. 9). These appear to be connected with each other by strands to form 
a network. In cells fixed in Helly’s fluid and stained with iron hematoxylin, 
the mitochondria were seen to be present in the same form and position 
(Plate VII, Fig. 11). Mitochondria also seem to take stain when cells are 
impregnated with silver (Plate VII, Fig. 10). 


On staining the living ameebocytes with neutral red (intra vitam staining) 
it was found that they were filled with large globules occupying almost every 
position in the cell and not necessarily where the Golgi element was located 
in other preparations. 


DISCUSSION 
The Structure of the Golgi Elements 


The Golgi elements in the three kinds of cells studied in this investigation 
appear to have a duplex structure, a part which is chromophilic and a part 
which is chromophobic. The latter is interpreted as a vacuole or a vesicle 
of variable size. It does not absorb silver. The former, on the other hand, 
occurs in the form of a rim (the ‘ dictyosome ’ of Gatenby) enclosing the vesicle. 
The cortical rim which appears to be entire is rendered conspicuous by 
treatment with dahlia. This rim is argentophilic while others consider it 
also as osmiophilic and sudanophilic. 


Nath (1929) stated that the Golgi elements in egg follicle of Culex fatigans 
are in the form of vesicles. These vesicles also occur in the nurse cells and 
the follicular epithelial cells. Each vesicle has an osmiophilic or argentophilic 
rim and an osmiophobic and argentophobic central area. He ascribes a 
similar structure to the Golgi elements in the eggs of spider (Nath, 1928), 
in a scolopendra (Nath and Husain, 1928), in Luciola (Nath and Mehta, 1929) 
and in cockroach (Nath and Piare Mohan, 1929). 


The view that the Golgi elements consist of two parts, an outer which 
absorbs osmium and silver and ani nner portion which is osmio- or argento- 
phobic has been held by other workers, e.g., Bowen (1928), Weier (1933), 
Richardson (1934), Uhlenhuth (1924), Bourne (1934) and Hirsch (1939). 
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Hirsch named the outer part or rim as externum and the inner part the inter- 
num. 


The works of Gatenby and his collaborators (Brambell and Gatenby, 
1923; Gatenby, 1929, 1931 and Gatenby and Hill, 1934) also support this 
view. They further consider that the ‘ dictyosome ’ body is the Golgi element 
and other granules which are not chromophilic and chromophobic are not 
parts of the Golgi elements. 


These observations on the structure of the Golgi elements show that 
the essential part of the Golgi element is the argentophilic (or osmiophilic) 
rim which surrounds an argentophobic or osmiophobic central substance, 
the latter being in the form of a vacuole or a vesicle. 


Baker (1944) presents a different theory of the structure of the Golgi 
element. According to him the Golgi elements consist of 


(a) the neutral red vacuoles; 


(b) the dense lipoid-containing substance (the ‘lepidosome’) which 
invests (a). This is intensely sudanophilic and osmiophilic and 
generally argentophilic. It appears in different forms in different 
kinds of cells and even in the same cell; 

(c) the diffuse lipoid-containing substance; and 

(d) the Golgi product. 


If any homologies are possible, I think the neutral red vacuoles of Baker 
correspond to the central chromophobic area. According to Baker, these 
vacuoles have the power of segregating certain dyes in high concentrations, 
particularly neutral red, from dilute solutions in the living cells. 


When the three types of cells employed in this investigation were stained 
supravitally with dilute neutral red in saline solution, it was found that the 
intestinal epithelial cells of the earthworm and the glandular cells from the 
digestive diverticula of the mussel did not segregate this dye to any appreciable 
amount except that the secretion granules in these cells were stained mata- 
chromatically. No neutral red segregating vacuoles could be made out. 


Nath and his collaborators got similar results in the eggs of spider (Nath, 
1928), Culex (Nath, 1929), a scolopendrid (Nath and Husain, 1928), Luciola 
(Nath and Mehta, 1929) and the cockroach (Nath and Piare Mohan, 1929). 
They found in all cases that Golgi vesicle was not stainable with neutral red. 

The ameebocytes of the mussel, on the other hand, present a different 
phenomenon. They filled themselves very readily with large globules and 
were conspicuously stained. The segregation did not begin at a definite 
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position in each amcebocyte—a position which would correspond with the 
position of the Golgi element. One interesting fact is that neutral red globules 
appeared anywhere in the cytoplasm. In this connection a reference is worth- 
while to the studies of Gatenby (1929) on Cavia, Helix and Abraxes in which he 
found a number of neutral red staining vacuoles lying near, but not attached 
to, the Golgi element. 


Monne (1930) who made a detailed study of the Golgi elements and 
neutral red globules in various types of cells in Helix, Cerithium and Paludina 
observed that the neutral red globules and Golgi elements are distinct. 
Gatenby (1929) refers to the work of Hirschler on the germ cells of the lizard 
and grasshopper, and of Voinov (1927) on the germ cells of Notonecta who 
observed a vacuolar system near to but distinct from the Golgi dictyosomes. 


In the cells studied by me, I have found nothing comparable to neutral 
red vacuoles. Either the cells do not segregate the dye, only the secretory 
granules which may appear somewhat vacuolated being stained, or, as in the 
ameebocytes, the dye is segregated in globules appearing all over the cyto- 
plasm and not necessarily in the Golgi region. At any rate, no instances were 
found where neutral red globules are associated with argentophilic dictyo- 
somes. 


Gatenby and Hill (1934) consider that some of the globules arising in 
any particular region by the segregation of the dye may be artifacts as in the 
spermatocytes of Helix where they increase in number and in size according 
to the period of exposure of the cells in the dye. 


Another feature of interest is the diffuse lipoid containing substance which, 
according to Baker (1944), fills the whole of the region occupied by the Golgi 
elements, except that occupied by other cell constituents. Baker considers 
this substance (‘ Lipoids diffus perivacuolaires ’ of Parat) to be an argento- 
philic, osmiophilic and sudanophilic in nature but to a much less degree 
than the dense lipoid-containing substance. I could not make out the presence 
of any such substance in cells studied by me and stained by the formol-silver 
technique. I must confess that I did not impregnate these cells with osmium 
and colour them with Sudan black. Baker himself stated the possibility of 
the absence of this substance from the cells of invertebrates. Worley (1943) 
also noticed a Golgi element only consisting of vacuoles invested with dense 
lipoid-containing substance in the living cells of the embryos and veligers of 
mollusca. It is possible that this substance was also absent in the cells 
studied by me. 


Baker mentions ‘“ Golgi product” which also was absent in the cells 
studied. The only substance resembling the Golgi product of Baker occurs 


x 
| 
A J 
« 


gi 
ers 


; of 
cells 


cells 
curs 


The Structure of the Golgi Elements and Mitochondria 103 


in the cells of the intestinal epithelium of earthworms stained by dahlia where 
it occurs in the form of large granules (Plate VI, Fig. 1) and a similar sub- 
stance also occurs in the cells of the digestive diverticula (Plate VI, Fig. 6). 


In all the three types of cells studied, the Golgi element occurs in the 
form of a vesicle having a central clear chromophobe area (not stained by 
neutral red) invested by an osmiophil and argentophil (chromophil) rim. 
Nothing comparable to diffuse lipoid-containing substance can be made out. 


The ‘ Golgi product’ of Baker may be represented by granules in the dahlia 
stained cells. 


Baker (1949) in connection with his later work on the structure of the 
Golgi element states as follows: 


“The Golgi element consists of separate bodies, spheroid in shape. 
These Golgi bodies may be simple (i.e., non-vacuolated) or may contain one 
or more vacuoles......... The opinion as to the structural plan of Golgi 
elements set out in the earlier paper has been confirmed in the main. There 
are, however, two exceptions to this: 


(a) The vacuole in the Golgi body does not invariably colour with neutral 
red, and this dye occasionally causes the appearance of vacuoles not present 
before, both in the Golgi region, and in other parts of the cytoplasm. 


(b) ‘ Diffuse lipoid’ is not a characteristic feature of the Golgi element.” 


These statements substantiate my view on the structure of the Golgi 
element. I could get vacuolated and non-vacuolated Golgi bodies. 


The Structure of the Mitochondria 


The three types of cells studied did not show the presence of mitochondria 
when examined in the living condition under the microscope. Their presence 
might have been obscured by granules present in large numbers in these cells. 
The addition of dahlia to the living cells revealed, however, the presence of 
the mitochondria. They are essentially of granular nature. In the cells of 
the digestive diverticula, mitochondria having a double structure occur in 
large numbers. In the intestinal epithelium of the earthworm some mito- 
chondria are rod-shaped. 


The occurrence of mitochondria having primarily a granular structure 
in the three types of secretory cells studied seems to support the statement 
of Cowdry (1924), that “ in similar tissues of different animals they are much 
the same. This constancy in shape where the function is similar indicates 
that the morphology of mitochondria is a fundamental property ingrained in 
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the organisation of the cell and it is not always a passing, trivial affair which 
varies from moment to moment ”’. 


Some of the mitochondrial bodies in the cells of the digestive diverticula 
of Lamellidens are peculiar in having a double structure: a lighter central 
area surrounded by a darker rim. This confirms the statement of Bourne 
(1942): “ There is good evidence that mitochondria have a double structure. 
It may be seen sometimes in mitochondria in vitro, and in any case it may 
become more obvious in large masses of mitochondrial material. The outer 
sheath or cortex of this double structure probably contains a large amount 
of fat or lipoid.” 


The ameebocytes, as stated before, seem to contain a sort of a mito- 
chondrial network sorrounding the nucleus. This agrees with Cowdry’s 
observation “ occasionally mitochondrial filaments branch and apparently 
give rise to more or less extensive networks. These are comparatively of rare 
occurrence, but nevertheless normally found in certain type of cells, usually 
of secretory nature. The nets are often but not always, arranged about the 
nucleus. The strands of the network are generally of the same girth as iso- 
lated filaments in the same cell, except sometimes at their nodal points where 
they may be thickened”. 
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SUMMARY 


1. Making use of supravital and cytological methods, efforts were made 
to visualise a correct picture of the structure of the Golgi elements and the 
mitochondria. 


2. These two structures were studied in the following three types of 
cells :— 

(a) The epithelial cells from the intestine of the earthworm, Pheretima 
elongata (Steph.). 

(b) The glandular epithelial cells from the digestive diverticula of the 
mussel, Lamellidens corrianus (Lea). 
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(c) Phagocytic ameebocytes from the blood of the mussel, Lamellidens 
corrianus (Lea). 
3. The Golgi elements from these different types of cells seemed to 
consist of the following parts :— 
(a) A central chromophobic clear area; 


(b) A chromophilic rim (the dictyosome) surrounding the central chromo- 
phobic area. This rim appeared to be entire; and 


(c) Densely stained granules which may be the “ Golgi product,” though 
no evidence could be brought forward that they arise from the Golgi elements. 


4. The mitochondria of these three cells seemed to have the following 
characteristics :— 
(a) Essentially the mitochondria occur in the form of granules; 


(b) A few rod-like mitochondria could be made out in the intestinal epi- 
thelium of the earthworm, when stained by iron hematoxylin; 


(c) In the cells of the digestive diverticula of the mussel, some mito- 
chondrial bodies could be made out to have a duplex structure; while 


(d) In the ameebocytes of the mussel, the mitochondria occur in the form 
of a network surrounding the nucleus (and also the Golgi elements). 
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ABBREVIATIONS USED IN PLATE FIGURES 


basb, Basal border. 
cm, Cell membrane. 
fb, Free border. 

g, Golgi element. 


mg, Mitochondrial granule. 
mn, Mitochondrial network. 
mr, Mitochondrial rod. 

mv, Mitochondrial vesicle. 


gp, Golgi product ”’. n, Nucleus. 


gv, Golgi vesicle. 


pn, Position of nucleus. 
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EXPLANATION OF PLATE FIGURES 


Fics. 1-5. Intestinal Epithelial Cells of the Earthworm, Pheretima elongata (Steph.).—Fig. 1. 
Living cells vitally stained with dahlia. ‘ Golgi product’ and Golgi vesicles are seen (x 1,000. 
Further enlarged 14 times). Fig. 2. An Elftmann (Silver impregnation) preparation. Golgi 
elements seen in the form of granules (x 1,000). Fig. 3. Another Elftmann (Silver impregna- 
tion) preparation. Here some Golgi vesicles are seen (x 800). Fig. 4. Living cells stained 
vitally with Janus green B. Mitochondria occur in the form of granules (x 1,000). Fig. 5. Cells 
fixed in Helly’s and stained with iron hematoxylin. Mitochondria in the form of granules and 
a few rods are clearly seen (x 1,000). 


Fics. 6-8. Epithelial Cells of the Digestive Diverticula of the Mussel, Lamellidens corrianus 
(Lea). Fic. 6. Living cells vitally stained with dahlia. “‘ Golgi- product”, Golgi vesicles, 
mitochondrial granules and mitochondrial vesicles are clearly seen (x 1,000. Further enlarged 
14 times). Fig. 7. An Elftmann (Silver impregnation) preparation. Golgi elements in the form 
of granules are seen between the free border and the nucleus. A few granules are seen on the 
outer side, i.e., between the nucleus and the basal border (x 1,000). “Fig..8.. Cells fixed in Helly’s 
and stained with iron hematoxylin. Mitochondria in the form of granules and vesicles are clearly 
seen (x 600). , 


Fics. 9-11. Ameebocytes from the Mussel, Lamellidens carrianus (Lea).—Fig. 9. A living 
cell vitally stained with dahlia. A single prominent Golgi vesicle, and the mitochondrial network 
are clearly seen (x 1,000. Further enlarged 14 times). Fig. 10. An Elftmann (Silver impregna- 
tion) preparation. A single Golgi element in the form of a large granule is seen. Note the silver 
impregnated mitochondrial granules (x 1,000). Fig. 11. A cell fixed in Helly’s and stained 
with iron hematoxylin. Mitochondria are seen in the form of granules (x 1,000). 
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PHOTOPERIODISM IN RICE 
IX. Response of an Early Variety of Rice to Long Photoperiod 


By GADADHAR MISRA 
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Received March 10, 1956 


(Communicated by Dr. I. Banerji, F.A.sc.) 
INTRODUCTION 


IN order to get a true picture of the photoperiodic behaviour of a particular 
variety of rice its performances both under the short and long photoperiods 
should be investigated. In photoperiodic studies so far done in India with 
the rice varieties of different States, day lengths shorter than the normal have 
been mostly used (Sircar, 1948; Misra 1954 a, 1955, b, c, d; Ghose and 
Shastry, 1954; Roy and Subramanyam, 1955). The present investigation 
aims at finding out the response to long photoperiods of an early variety of 
rice whose reactions under short photoperiods have been reported earlier 
(Misra, 1955 c). 


MATERIAL AND METHODS 


Pure strains of an early variety of rice, T.N. 32 (a selection from Baljati 
of Lucknow District) were procured from the Nagina Rice Research Station, 
Bijnoor, U.P. The seeds after preliminary selection for uniformity and sterili- 
sation were sown on April 20, 1950 in 10” pots containing soil manure mixture 
in the proportion of 8:1 by volume. A 24-hour photoperiod obtained by 
supplementing the natural day length by electric illumination from a 500 watt 
bulb from evening to morning was given to 10, 20, 30-day old seedlings for 
a duration of 30 days in each case after which the pots were returned to normal 
day lengths till the time of harvest. A control solely maintained under nor- 
mal photoperiod was included for comparison. Each treatment consisted 
of 20 seedling plants at the rate of 4 seedlings per pot. 


EXPERIMENTAL RESULTS 
Time of Heading 


The emergence of the ears of the main shoot was noted everyday at 4-00 
p.m. and the average values are presented in Table I and its statistical analysis 
in Table II. 
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TABLE I 


Time from Sowing to Ear Emergence of the Main Shoot 
(Average of 20 plants; Sowing date 20-4-1950; + indicates earliness; — indicates delaying effect) 


Average days Difference 


Treatments from sowing from control 
to ear emergence in days 
Long day to 10-day old seedlings for one month . 100-54 —10-18 
Long day to 20-day old seedlings for one month 100-88 —10-52 
Long day to 30-day old seedlings for one month 102-54 —12-18 


S.E. Mean = 1-58 ; C.D. at 5% = 4-74. 


TABLE II 
Analysis of Variance 
Source of variation D.F. S.S. MSS. F. S%F. 1% F. 
Between treatments .. 3 461-91 153-97 12-28** 3-24 5-29 
Within treatments .. 16 200-49 12-53 
Total .. 19 662-40 


** Significant at 1% level. 


A study of Tables I and II shows that the long day for one month given 
to 10, 20 or 30 days old seedlings has brought about a significant delaying 
effect in ear emergence of the main shoot irrespective of the age of the seedling 
at the time of the commencement of the treatment. 


Grain Yield 


The weight of the grains after harvest was recorded in the usual manner 
and is presented in Table III. The analysis of variance of the data is given 
in Table IV. 


Three distinct results are noticed so far as the grain yield is concerned. 
When the age of the seedlings was 10 days at the time of treatment initiation, 
the grain yield from those plants is higher than the controls, whereas 
when the seedling age was 20 days at commencement of treatment, no signi- 
ficant difference from the control is noticed. The grain yield is very much 
reduced in the plants where the treatment was given to the 30-day old 
seedlings, 
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TABLE III 
Grain Yield per Plant in gm. 


(Average of 20 plants) 
Grain yield 
Treatments in gm. Percentage 
Long day to 10-day old seedlings for one month .. 8-48 124-7 
Long Day to 20-day old seedlings for one month .. 7-25 106-6 
Long Day to 30-day old seedlings for one month .. 4-37 64-2 
S.E. Mean = 0-35 ; C.D. at 5% = 1-07. 
TABLE IV 
Analysis of Variance 
Source of variation D.F. S.S. M.S. F. S%F. I%F. 
Between treatments 44:50 14-83 23-17** 3-24 5-29 
Within treatments 6-23 0-64 
Total .. 19 50-73 


** Significant at 1% level. 
Components of Yield 
The data regarding the components of yield are presented in Table V 
and their statistical analysis in Table VI. 
TABLE V 
Components of Yield 
(Average of 20 plants) 


Long Long Long 

Day to Day to Day to 
Control 10-day old 20-day old 30-day old 
seedlings seedlings seedlings 


No. of panicles per plant .- 4°85 3-60 2-80 2-50 
Length of panicle in cm. .. 18-50 19-96 20-34 17-16 
Total No. of spikelets per panicle 83-04 116-60 125-12 89-86 
No. of grains per panicle .. 70-06 108-74 116-86 83-12 
Percentage grain setting .. 85-20 93-24 93-48 92-40 


Weight of 1,000 grains in gm. .. 20-34 21-84 22°24 21-30 
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TABLE VI 
Analysis of Variance of the Data of Components of Yield 


Characters Source of variation | D.F. S.S. M.S. F. |5%@F.1%F. 

No. of panicles .»| Between treatments 3 16-54 5-51 | 12-52t | 3-24 | 5-29 
Within do 16 7-07 0-44 

Length of panicle Between treatments 3 31-57: 10-52 2-19 | 3-24 | 5-29 
Within do 16 76-87 4-80 

Total No. of spikelets Between treatments 3 (6217-99 |2072-66 | 23-26T | 3-24 | 5-29 
Within do 16 |1425-58 89-09 

No. of grains ..| Between treatments 3 |7147-06 |2382-35 | 52-29T | 3-24 | 5-29 
Within do 16 | 729-01 45-56 

Percentage grain setting Between treatments 3 | 233-72 77-90 4-01* | 3-24 | 5-29 
Within do 16 | 310-64 19-41 

Weight of 1,000 grains ..| Between treatments 3 10-15 3-38 | 10-56f | 3-24 | 5-29 
Within do 16 5-20 0-32 


* Significant at 5% level ; + Significant at 1% level. 


From these tables it is seen that the number of panicles is less in all the 
treated sets than in the controls. The length of the panicle is unaffected by 
the treatment. The total number of spikelets per panicle and also the number 
of grains per panicle is conspicuously increased in the two experimental sets 
where the long-day exposure has been given to 10 and 20-day old seedlings. 
The percentage of grain setting has been favourably affected by the long days 
while the 1,000 grain weight has not been materially affected by the long-day 
exposure. 


DISCUSSION 


The results presented here clearly show that long photoperiods bring 
about considerable delay in this variety of rice irrespective of the age at treat- 
ment initiation. A similar delay in the onset of flowering is obtained in two 
other early varieties of Uttar Pradesh under the influence of long days (Misra, 
1955 e). The results of the present investigation are also very akin to those 
obtained with three medium-early varieties of U.P. in that long days for a 
duration of 4-6 weeks produced a delaying effect (Misra, 1955). The early 
variety under study, however, presents a different picture from those of the 
spring (Misra, 1954 5), early-winter (Misra, 1955 g) and late-winter (Misra, 
1956) varieties where the time to ear emergence was not significantly affected 
by long days. Kar (1946) and Sen (1948), on the other hand, reported earli- 
ness respectively in two early and two late-sown winter varieties of Bengal, 
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According to the classifications of Allard (1938), and Allard and Garner 
(1940) this variety of early rice may be grouped as an intermediate one as the 
flowering in this variety is delayed both under short days (Misra, 1955 c) 
as well as long days. In other words this variety flowers the earliest under 
the natural day length prevailing in the growing season of the crop, lengthen- 
ing or shortening in the normal daylight period producing a retardation effect. 


SUMMARY 


The effects of 24-hour long photoperiods on one variety of early rice, 
T.N. 32 (Baljati), given to 10, 20, and 30-day old seedlings for one month have 
been studied in pot culture experiments. The treatment at all stages brought 
about a significant delaying effect in ear emergence of the main shoot. The 
grain yield was higher in 10-day old treated set, with no marked differences 
in the 20-day set whereas it was considerably depressed in the 30-day set from 
that of the controls. The higher grain yield was due to a conspicuous increase 
in the total number of spikelets and grains per panicle. 
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NOTES ON SOME FUNGI FROM SOUTH INDIA—V* 


By T. S. RAMAKRISHNAN, F.A.Sc. 
Received June 4, 1956 


Synchytrium travancoricum sp. nov. 

Galls numerous, isolated or gregarious, on stem, midrib and lamina, 
sometimes resulting in the curling and deformation of leaves, galls with one 
or more layers of hypertrophied cells, greenish yellow, bursting open at a 
later stage, each gall with one or more hypnospores; hypnospores round or 
elliptical, reddish brown with a coloured wall 2-3 » thick, 60-105 x 60-90 p. 


Galle plures, separate vel aggregate, in culmia, nervo medio atque lamina, 
producentes torsionem atque deformationem foliorum, una vel pluribus 
seriebus cellularum hypertrophiatarum constantes, ornate una vel pluribus 
hypnosporis, viridi-luteole, effracte in maturiore statu; hypnospore rotunde 
vel elliptice, rubro-brunnez, parietibus coloratis, 2-3 crassis, 60-105 x 
60-90 

On stem and leaves of Impatiens chinensis L., Kottayam (T.C. State), 
1-8-1955, T. S. R. 

The incidence of infection was prevalent only during the heavy rains of 
July and August. After the cessation of the rains in September fresh infection 
did not occur. The galls developed on the main stem and the branches too. 
The affected leaves were turned prematurely yellow and were shed. 


Successful infection was obtained when young leaves were inoculated by 
placing portions of leaves bearing galls, on them and enclosing them in 
alkathene bags. It took eleven days for the symptoms to become evident. 
Inoculations repeated in September were not successful. Only those con- 
ducted in July and August were successful. 


Parodiella perisporioides (Berk. & Br.) Speg. 

Saccardo, P. A., Syil. Fung., 1, 717. 

On living leaves of Flemingia sp., Vadakancheri (Malabar), 27-9-1955, 
&'R. 


This is a new host for this fungus from India. The ascocarps were studded 
all over the upper surface of the leaflets as minute black round bodies. Most 


of them were immature. 


* Parts I-IV of this series were published in Indian Phytopathology, 
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Fics, 1-8.—1. Synchytrium travancoricum ; an infected leaf and hypnospores. 2. Phylla- 
chora connari ; asci and section through a stroma (diagrammatic). 3. Puccinia zingiberis ; 
urediospores and teliospores. 4. Puccinia ottochlog ; urediospores, germinating urediospore, 
teliospores and paraphyses. 5. Uredo pterocarpi; section through an uredium and uredio- 
spores. 6. Phakopsora desmium ; section through an uredium, urediospores and germinating 
urediospores. 7. Macrophoma macarange ; section through a pycnidium (diagrammatic) 
and spores. 8. Corticium sp. ; a leaf and portion of twig showing the fungus strand, 
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Phyllachora connari Syd. 
Sydow, H., Phillip. J. Sci., 1914, 9, 168. 


On living leaves of Connarus ritchei Hook., Kottayam (T.C. State), 
20-11-1955, T. S. R. 


Many black shining round or irregular amphigenous stromata were 
formed on each leaflet, appearing as black spots. These were raised irregularly 
above the surface with crateriform depressions. Each stroma was multi- 
loculate, the loculi varying in size and number. The height of the loculi 
ranged from 120-145 » and the width from 320-360. The asci were clavate 
and measured 80-115 x 11-16. In each ascus were 8, obliquely arranged, 
oblong, hyaline ascospores measuring 14-18 x 7p. 


Two species of Phyllachora have been recorded 6n this host genus. The 
fungus under study closely resembles P. connari, though the ascospores are 
slightly bigger in the former. There is no record of this fungus from India. 


Phakopsora desmium (B. & Br.) Cummins 
Cummins, G. B., Bull. Torr. Bot. Club., 1945, 72, 206. 


On living leaves of Thespesia populnea Corr., Kottayam (T.C. State), 
10-8-1955, T. S. R. 

Uredia minute, isolated or in groups, sometimes forming irregular dark 
brown infection spots on the leaves, with one or more sori in each spot, 
mostly hypophyllous, subepidermal, opening by a conical pore surrounded 
by closely arranged paraphyses; the urediospores are subglobose, elliptical 
or obpyriform, echinulate, light brown in colour and measure 25-39 x 16-25 yp. 
Telia not found. 

This is a new host for this rust. It is prevalent in Kottayam for the major 
part of the year but is more common from June-November. Heavy infection 
is observed on middle aged and older leaves and is rare on tender ones. The 
uredial stage alone was present but from the structure of the uredia and the 
size and shape of the urediospores the resemblance to the cotton rust could 
be easily made out. 


Puccinia erebia Syd. 

Sydow, H., Phillip. J. Sci., 1913, 8, 475. 

Mundkur, B. B., and Thirumalachar, M. J., Myc. Pap. C. M. I., No. 16, 
14. 


On living leaves of Clerodendron inerme Gertn,, Kulasekaram (T.C 
State), 6-1-1956, T. S. R. 


| 


Notes on Some Fungi from South India—V 117 


The rust was severe causing considerable damage to a hedge of this host 
plant. It was very conspicuous on account of the innumerable bright orange 
coloured sori. Uredia alone were present. The urediospores were elliptic 
or obpyriform, orange coloured and prominently aculeate. 


Puccinia ottochloe sp. nov. 


Uredia minute, amphigenous, sometimes in longitudinal rows para- 
physate, paraphyses club-shaped, much thickened at the apex sometimes 
extending to half the length; urediospores elliptic, oblong or obovate, light 
reddish brown, more or less smooth-walled with four germpores near the base, 
25 x 16m (22-29 x 13-18); telia dark, hypophyllous, subepidermal, erum- 
pent, often arranged in lines; teliospores two-celled, the septum being vertical, 
pedicel attached to the junction of the two cells or slightly moved from it, 
persistent, up to 65 long, light brown, often collapsed and twisted; telio- 


spores subglobose, apex thickened up to 5, wall deeper coloured, reddish 
brown, 29-33 x 20-23 p. 


Uredia minuta, amphigena, nonnunquam in series longitudinales dis- 
posita, paraphysata, paraphysibus clavata, valde dense ad apicem vel ad 
dimidiam longitudinem; urediospore elliptice, oblonge vel obovate, pallide, 
rubro-brunnez, parietibus plus minusive levibus predite, 4 germinationis 
poris ad basim ornate, 25 x 16u (22-29 x 13-18); telia fusca, hypophylla, 
subepidermalia, erumpentia, sepe disposita in lineas; teliospore bicellu- 
late, septo verticali, pediculo adnato ad punctum unionis utriuque cellule vel 
paulisper ad eodem puncto remoto, persistente, ad 65 » longo, pallide brunneo, 
sepe Collapso atque torto; teliospore subglobose, apice denso ad 5 p, parieti- 
bus densius coloratis, rubro-brunneis, 29-33 x 20-23 uy. 


On living leaves of Ottochloa nodosa Dandy, Kottayam (T.C. State), 
20-9-1955, T. S. R. 


This rust is common on this grass from July-December. In July the uredia 
alone are present but from September onwards the telia predominate. The 
urediospores germinate in 4-5 hours and produce one or more irregularly 
swollen germ tubes. The vertical septum of the teliospore indicates affinity 
to Diorchidium. But several species of Puccinia also possess such telio- 
spores and the retention of the former genus has been questioned by some 
uredinologists. Therefore the rust has been included in the genus Puccinia. 


Puccinia zingiberis sp. nov. 
Rust spot indefinite, visible as spindle-shaped yellowish discolouration 


more prominent on the upper surface; uredia mainly hypophyllous, rarely 
epiphyllous, narrow, linear, 0-5-2 mm. long, subepidermal, erumpent, white 
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powdery when spores are formed; urediospores obovate or subglobose, 
hyaline to subhyaline, aculeate, 25-32 x 18-234; telia mixed with uredia, 
hypophyllous, subepidermal, erumpent, whitish to very light vinaceous on 
drying, powdery, in lines; teliospores two-celled, with short stalk, lower cell 
elongated, upper cell rounded or cubical, hyaline to subhyaline, 32-46 x 
14-18 yw, apex blunt thickened up to 5 p. 


Macule indefinite, apparentes ut discolorationes luteole et fusiformes, 
prominentiores in pagina superiore; uredia ut plurimum hypophylla, raro 
epiphylla, anguste linearia, 0-5-2 mm. longa, subepidermalia, erumpentia, 
albo pulverulenta post-formationem sporarum; urediospore obovate vel 
subglobose, hyaline vel subhyaline, aculeate 25-32 x 18-23; telia cum 
uredia mixa, hypophylla, subepidermalia, erumpentia, albiuscula ad_palli- 
dissime vinacea sub siccitate, pulverulenta, in lineas disposita; teliospore 
bicellulate, pediculo brevi, cellula inferiore elongata, superiore vero rotundata 
vel cubica hyaline vel subhyaline, 32-46 x 14-18 », apice hebete denso ad 5p. 


On living leaves of Zingiber officinale Roscoe, Thodupuzha (T.C. State) 
26-9-1955, T. S. R. 


\ 

The incidence of the rust was widespread in the locality. Most of the 
top leaves of the plants were heavily infected exhibiting numerous yellowish 
spots on the upper surface and whitish powdery sori on the corresponding 
location in the lower surface. The teliospores had short pedicels and were 
usually formed in clusters of three or more. As these were thin-walled they 
collapsed quickly on drying. This rust resembles to some extent P. curcume 
(Ramakrishnan and Sundaram, 1953). This is the first record of a rust on 


ginger. 
Uredo pterocarpi sp. nov. 


Rust spots indefinite, reddish-brown, uredia isolated or in groups, hypo- 
phyllous, minute, subepidermal, opening by a distinct pore-like mouth, para- 
physate, paraphyses mostly marginal, incurved, forming a compact rim; 
urediospores subglobose, elliptic or obovate, light yellowish brown, verru- 
culose, 21-26 x 14-21 p. 

Macule indefinite, rubro-brunnee; uredia separata, vel aggregata, 
hypophylla, minuta, subepidermalia, patentia per ostiolum pori simile, para- 
physata, paraphysibus ut plurimum marginalibus, incurva, efformantia labrum 
compactum; urediospore subglobose elliptice vel obovate, pallide luteolo- 
brunnez, verruculose, 21-26 x 14-21 p. 


On living leaves of Pterocarpus marsupium Roxb., Kottayam (T.C. 
State), 15-10-1955, T. S. R. 
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The rusted areas are conspicuous by the reddish brown discolouration 
which is diffuse and patchy. The uredia are on the lower surface appearing 
as small raised cups with the powdery spores at the mouth. The opening is 
thickly lined by several rows of incurved thick-walled paraphyses. Maravalia 
pterocarpi Thirum. has been described by Thirumalachar (1949) on this 
host. But the type specimen when examined was found to be on Dalbergia 
and not Pterocarpus. The rust under study is quite different. Since the uredia 
alone were present the rust is for the present kept in the form genus though 
the uredia resemble closely those of Phakopsora. 


Septobasidium sp. 


On the spikes of Piper nigrum L., Kanjirapalli (T.C. State), 13-11-1955, 
T. S. R. 


The felt-like growth of the fungus covered over a part or the whole length 
of the spikes. In the initial stages this growth was whitish but soon changed 
into varying shades of brown. Underneath this growth which was supported 
by pillar-like formations of hyphal clumps were numerous scale insects. The 


affected spikes on drying easily crumpled into powder when pressed between 
the fingers. 


Corticium sp. 


On twigs and leaves of Myristica fragrans Houll., Kanjirapalli (T.C. 
State), 13-11-1955, T. S. R. 


A thread blight of nutmeg was recorded for the first time from this 
country. Slender white thread-like strands 1-2 mm. in thickness were found 
to run along the shaded side of the twigs. Branching of the strands occurred 
here and there and most of the twigs of the affected branch were overrun. 
Some of the branches of the thread proceeded along the petioles and spread 
out fan-like on the lower surface of the lamina forming indistinct films. The 
infected leaves dried up and were suspended from the twigs attached by the 
hyphal strand. The twigs and sometimes entire branches were affected result- 
ing in their complete drying up. No fructifications were present. 


A similar disease has been recorded from Ceylon. The causal fungus 
was originally described as Cyphella by Berkley and Broome but Petch (1925) 
considers it to be Marasmius pulchra. The fungus is reported to have pro- 
duced small sporophores on the affected leaves. But the fungus under study 
did not produce any fruit bodies and appeared to be more akin to the thread 
blight fungus Corticium sp. prevalent on tea. However, the identity of the 
fungus could be definitely decided only when the fruit bodies are formed. 
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Pellicularia salmonicolor (Berk. & Br.) Dastur 
Syn. Coticium salmonicolor Berk. & Br. 
Dastur, J. F., Curr. Sci., 1946, 15, 192-93. 


Infecting the terminal branches of Garcinia mangostana L., Kulasekaram 
(T.C. State), 6-1-1956, T. S. R. 


This fungus has innumerable host plants both wild and cultivated. 
A small orchard of mangosteens in a rubber estate in S. Travancore exhibited 
drying of several of the young branches in a number of trees. The cobweb 
stage and the necator stage of the fungus were evident on the affected branches. 
The infection appears to have originated from the adjacent rubber trees on 
which the disease was present. The mangosteen has not been recorded as 
a host for this fungus from India. The parasite is very common in this State. 
Most of the mango trees in Central and North Travancore are affected by 
pink disease. It is a common sight to see the drying and dead branches on 
the mango trees. The same disease is severe on jack trees also. The high 
humidity of the atmosphere in this region for many months is favourable for 
the spread of the disease. 


Macrophoma macarange sp. nov. 


Pycnidia immersed in slightly raised thickened tissue, amphigenous, 
isolated, ostiolate, ostiolar end black, wall of three to four layers of orange 
coloured cells, sub-globose, 250-280 x 240-280 », ostiolar opening lined with 
hyaline periphyses; conidia pushed out in long, coiled, waxy, spore-horns, 
obovate, or oblong, smooth, hyaline, 14-19 x 6-7, often surrounded by 
mucilage. 


Pycnidia immersa in textus tenuiter elevatos et densos, amphigena, sepa- 
rata, ostiolata, parte ostioli atra, parietibus constantibus triplici vel quadruplici 
serie cellularum coloratarum, subglobosa, 250-280 x 240-280, formaine 
ostiolari vestito paraphysibus hyalinis; conidia extrusa in cornu longum, 
cereum et tortum sporarum, obovata vel oblonga, semel cellulata, levia, 
hyalina, 14-19 x 6-7, sepe muco circumdata. 


On living leaves of Macaranga roxburghii Wight, Kottayam (T.C. State), 
16-12-1955, T. S. R. 


Yellowish closely arranged indefinite spots mark the location of the 
pycnidia. Under the lens, the affected portions appear as mammillate projec- 
tions tipped with the black ostiolar ends. The spore horn protrudes from the 
ostiole as a coiled or sometimes sinuous waxy growth. The ostiolar opening 
is lined with close-set upwardly bent periphyses. The conidia are borne on 
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fine stalks. Projecting from the base of the pycnidia towards the ostiole are 
several hyaline tapering long hyphal structures. 


Myrothecium roridum Tode ex Fr. 
Preston, N. C., Trans. Brit. Mycol. Soc., 1943, 26, 158. 


On leaflets of Eriodendron anfractuosum DC., Malankara (T.C. State), 
27-10-1955, T. S. R. 


Brown water-soaked lesions are formed in the centre or along the margins 
of the leaflets. The size of the lesion varies considerably. Numerous charac- 
teristic concentrically arranged sporodochia are formed hypophyllously, near 
the margin of the lesion. The affected leaves are shed, the ground beneath 
the tree being littered with them. The disease is prevalent only during 
the heavy rains of the monsoons. The sporodochia are scutellate and black 
in the centre with a whitish fringe. The conidia are oblong, one-celled and 
subhyaline. 


I am indebted to Rev. Dr. H. Santhapau of St. Xavier’s College, Bombay, 
for the Latin translations. I am thankful to the Systematic Botanist and Pro- 
fessor of Botany, Agricultural College, Coimbatore, for the identification of 
some of the host plants. 
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MICROTYPHA 


By C. V. SUBRAMANIAN, F.A.Sc. 
(University Botany Laboratory, Madras-S5) 
Received July 28, 1956 


THE genus Microtypha (Fungi Imperfecti-Dematiacee-Macroneme-Amero- 
spore) was described by Spegazzini in 1911 (Anal. Mus. Nac. B. Aires, 3 ser., 
13: 432) with M. saccharicola Speg. as the type species. Microtypha was 
characterised as follows: ‘ Hyphomycetea dematiea, macronemea; hyphe 
fertiles erecte articulate, simplices graciles prope basim nude ceterum 
dense minuteque papillato-aspere; conidia unicellularia in papillis solitarie 
acrogena, dense constipata fuliginea, massam cylindraceam constituentia ” 
(Saccardo, 1913, p. 1352). M. saccharicola was described as follows: 
** Hyphis sterilibus nullis, fertilibus dense gregariis, rectis v. subcircinatis 
fumosis, subtorulis, parte nuda brevi, 15-20x4-5y, capitulo cylindrico 
obtusiusculo 100-250 16-20, aterrimo; conidiis ellipsoideis, utrinque 
rotundatis, 5-6x3-4 subopacis, eguttulatis, levibus”’ (Saccardo, 1913, 
p. 1352). 


In the course of studies on hyphomycetes, I have examined, through 
the courtesy of Dr. J. C. Lindquist, type material of Spegazzini’s genus which 
is, as far as I am aware, monotypic. The type material is on Saccharum 
officinarum, collected by Spegazzini in March 1905 from Argentina. The 
original packet carries notes and drawings in pencil by Spegazzini himself and 
from a study of the material I find that his drawings and notes are essen- 
tially correct. 


There is still enough material on the specimen in good condition and 
sufficient for study. The colonies are black, powdery, and up to 3mm. 
long and 1-5mm. wide. The colonies consist of dense aggregations of 
conidiophores bearing conidia. The conidiophores are simple and each 
conidiophore bears along almost its entire length and all around itself dense 
masses of conidia which form a long, cylindrical head; indeed, the resemb- 
lance to an inflorescence of Typha is so striking that the generic name 
Microtypha seems most appropriate. The cylindrical head of conidia is 
black and almost opaque, of variable length (being slightly shorter than the 
conidiophore) and 18-22, wide. Careful examination of the specimen 
showed that the conidiophores arise laterally or terminally from cells of 
repent hyphe which are subhyaline and septate. The conidiophores are 
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erect, straight, bent or subcircinate, simple, subhyaline, cylindrical and some- 
what of uniform thickness throughout, 125-210 long, 4-5 wide, and 
provided with characteristic conspicuous dark septa which are usually 2-9 » 
apart. The lowermost part of the conidiophore is usually naked up to a 
length of about 20» or less. The conidia are produced pleurogenously 
and singly from all round the subhyaline cells of the conidiophore ; they 
arise as short and minute, hyaline pegs which later develop into conidia and 
these conidia, when mature, appear sessile. The conidia produced in the 
lower portion of the “fertile spike” appear to be the youngest; in this 
region conidia in different stages of development were seen. The mature 
conidia are dark brown, one-celled, smooth, broadly fusiform to ellipsoidal 
and 5-6-7:0x3-5-4:2y. Apically, the conidiophore terminates in a single 
conidium or a short chain of two to three conidia which are somewhat globose 
or subglobose or obpyriform, brown in colour, minutely verrucose and 
5-6 4-5 in size. Indeed, some conidia produced pleurogenously on the 
apical cell are similarly verrucose and so differ from the normal smooth 
conidia produced elsewhere on the conidiophore. 


Fic. 1. Arthrinium spegazzinii (= Microtypha saccharicola), from type specimen, Herb. 
M.U.B.L. No. 1613. A, conidiophores with conidia; B, same magnified; C, showing produc. 
tion of pleurogenous and apical conidia; D, conidia. 
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It will be obvious from the above description and Fig. 1 that the 
fungus is a typical Arthrinium, being congeneric with A. caricicola Kunze 
ex Fries. Notwithstanding the appropriateness of Spegazzini’s generic 
name for the fungus, Microtypha should accordingly be considered a 
synonym of Arthrinium Kunze ex Fries (1832). 

Regarding the correct name for Spegazzini’s fungus, a new combina- 
tion in Arthrinium with Spegazzini’s epithet saccharicola cannot be made, 
since the resulting combination would, if proposed, become a later homonym 
of A. saccharicola Stevens apud Johnston and Stevenson, 1917, in J. Dept. 
Agric. Puerto Rico, 1: 223 (Saccardo, 1931, p. 771). I have not examined 
type material of A. saccharicola, a species which I find omitted from Cooke’s 
(Cooke, 1954) recent treatment of the genus Arthrinium; but, judging from 
the description, Spegazzini’s fungus appears to be different for which a new 
name is, therefore, proposed hereunder: 


Arthrinium spegazzinii Subramanian nom. nov. 


= Microtypha saccharicola Speg., 1911 non Arthrinium saccharicola 
Stevens, 1917. 


Type specimen: on Saccharum officinarum, Jujuy, Ledesma, III-1905, 
leg. C. Spegazzini, ex Colecciones Micologicas, Museo-Instituto 


Spegazzini, Universidad de La Plata, No. 15883 (Herb. M.U.B.L. 
No. 1613—slide). 


SUMMARY 


A study of the type specimen of Microtypha saccharicola Speg., the type 
and the only species of the genus Microtypha Speg. (1911) has shown that 
it is congeneric with Arthrinium caricicola Kunze ex Fries. Microtypha is 
accordingly reduced to synonymy with Arthrinium Kunze ex Fr. (1832). 
Regarding the correct name for Spegazzini’s fungus, a new combination in 
Arthrinium with Spegazzini’s specific epithet saccharicola cannot be made, 
since such a combination, if proposed, would become a later homonym 
of A. saccharicola Stevens (1917) which appears different from Spegazzini’s 
fungus. Microtypha saccharicola is, therefore, classified in Arthrinium as 
A. spegazzinii nom. nov. 


I am deeply indebted to Dr. J. C. Lindquist of the Museo-Instituto 
Spegazzini, Universidad Nacional de La Plata, Argentina, for kindly sending 
me on loan for study type material of Microtypha saccharicola. 
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CONDUCTIVITY STUDIES IN COTTON PLANTS 
INFECTED BY FUSARIUM VASINFECTUM Atk. 


By (Miss) P. GNANAM 
(University Botany Laboratory, Madras-5) 
Received July 6, 1956 


(Communicated by Prof. T. S. Sadasivan, F.A.sc.) 


INTRODUCTION 


Most of the work pertaining to conductivity studies are confined to crop 
plants and a few of them relate to diseases caused by aerial parasitic fungi. 
However, such studies on plant tissues suffering from wilt toxins and the 
inevitable sequelz on cell permeability and loss of cell function (Gaumann, 
1951) of the specific tissue(s) have hardly been initiated. Therefore, the 
present study on cell permeability of tissues of cotton plants infected by 
Fusarium vasinfectum Atk. was undertaken in an attempt to elucidate further 
the mechanism of Fusarial wilts. 


MATERIALS AND METHODS 


A culture of Fusarium vasinfectum Atk., obtained from the Centraal- 
bureau voor Schimmelcultures (Holland), was used to infect cotton plants, 
(Gossypium arboreum) Karunganni 2 variety, grown in sterilised soil. Sterili- 
sation and techniques of infection were as before (Sarojini, 1951). 


The Equipment.—A Mullard conductivity bridge type E 7566 was used 
with the Mullard temperature control type E 7594 for routine studies of 
tissue conductivity of plants. This conductivity bridge is basically a modified 
wheatstone bridge operating at a test frequency of 2-9 Kc/s with platinum 
blackened electrodes. Balance is indicated by an electron beam indicator 
(magic eye). Since the conductivity of any given solution is proportional 
to the concentration of the ions in that solution, with this instrument it is 
possible to know the ionic concentration of solutions. 


Preparation of Samples.—Representative samples of fresh plants were 
taken daily from the day of germination from infected and healthy soils and 
after washing with distilled water separated into roots, stems and leaves. 
Each of these was ground separately with constant amount of glass distilled 
water (10 ml.), centrifuged at 3,000 r.p.m. for 10 minutes and the supernatant 
liquid formed the sample. The samples were taken in wide mouthed boiling 
tubes and the dip type cell of the instrument was immersed in the solution 
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so that the electrodes were covered to a depth of one inch. The conducti- 
vity measurements were made and the readings expressed in terms of micromhos 
(«mho). The temperature of the bath was maintained at 30° C. + 0-01°C. 
during all these investigations. 

EXPERIMENTAL AND RESULTS 


The results are presented in Text-Fig. 1. In the infected plants there 
was remarkable fluctuation in the conductivity of these tissues from the 7th 
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Text-Fic. 1. Showing changes in conductivity in the root, stem and leaves of cotton 
plants infected by Fusarium vasinfectum Atk. 
to the 15th day after germination with no appreciable changes in the healthy 
plants during this period. However, after the 15th day there was no 
fluctuation in the infected series also, In the leaves of the infected plants, 
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unlike in the healthy, the fluctuation in the conductivity of tissue was appa- 
rent only from the 11th to the 15th day and the ionic concentration was 
greatest in the infected plants irrespective of roots, stems or leaves over the 
healthy on the 15th day. It is of interest to note that the first peak, i.c., 
increased permeability, was noticed in the roots on the 12th day whereas 
there was remarkable drop or decreased permeability in the stems and leaves 
of infected plants on that day. A reversal of this position was seen on the 
13th day, i.e., increased permeability in stems and leaves and a lowering in 
roots (Table I). Nevertheless, all the three, viz., roots, stems and leaves 
recorded almost identical trends in permeability on the 14th day. 


TABLE I 
Ratio of conductivity (« mho) of diseased/healthy tissue extracts 


Age 


in 7 8 9 10 ll 12 13 14 15 16 
days 


1-0000 
1-0103 
1-0000 


1-0079 
1-0103 
1-0000 


1-0405 


0-9088 


0-9648 


DISCUSSION 


The marked fluctuations in the tissue conductivity from the 7th to 15th 
day in the roots, stems and leaves of the infected plants over the respective 
controls indicated imbalance in the ionic concentration of the cells during 
these periods which may have to be attributed to the partial disfunction of 
cell permeability. It is possible to visualise this in the light of the recent 
work of Gaumann (1951) which showed that certain wilt toxins affect the 
permeability of the plasma membrane. This work reported here further lends 
support to the hypothesis put forward in this laboratory that the wilt of 
cotton is caused by vivotoxin(s) (Lakshminarayanan and Subramanian, 1955 
and Kalyanasundaram and Venkata Ram, 1956). The time lag of 24 hours, i.e., 
between the 12th and the 13th day as mentioned above in this disfunction of 
cell permeability in the roots followed by the stems and leaves could p 


ssibly 
be due to the time taken for the toxin(s) to be translocated alo: trans- 
piration stream to the leaves from the roots resulting in a comp! ‘emic 


spread of toxemia. 


A further point of interest is that the conductivity in the roots, stems and 
leaves of the infected plants from germination to the 15th day when the 
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symptoms were manifest (Kalyanasundaram, 1954) is greater, except on a few 
occasions, than that of the healthy plant tissues, the peak conductivity on 


the 15th day being leaves > stems > roots, with no such observable gradient 
in the healthy plants. 


This remarkable rise in conductivity on the 15th day when systemic 
symptoms were clearly seen in the infected plants seems to be the direct 
result of increased accumulation of some of the metallic ions as shown by 
the conductivity curves and as seen in the ratio of conductivity values of 
diseased/healthy tissue extracts (Table I). This derangement rose signifi- 
cantly on the 7th day in the roots and stem and reached an obvious optimum 
on the 15th day after germination in the infested soil and corroborates the 
evidence already presented by spectrochemical analyses of ash samples of 
15-day cotton plants infected by Fusarium vasinfectum, for the elements 
K, Na, Mg, Ca, Fe and Mn (Sadasivan and Kalyanasundaram, 1956). This 
increased permeability, speaking in general terms, was obvious in the roots, 
stems and leaves and may be a case of deranged selective absorption as 
indicated by spectrochemical analyses (Joc. cit.). But, what will have to 
be further explained is the vastly decreased intake of K, a moderately in- 
creased intake of Mg, Ca and Fe and an exaggerated Mn mobility. In view 
of selective chelating ability of many heavy metals with fungal toxins the 
mechanism of metallic imbalance could be further studied by this technique 
of conductivity measurements. 


SUMMARY 


Studies on the conductivity of roots, stems and leaves of cotton plants 
infected by F. vasinfectum using a Mullard conductivity bridge showed a 
remarkable fluctuation in the ionic concentration of the tissues prior to the 
appearance of systemic symptoms (on the 15th day after germination). 
With the appearance of the symptoms in the leaves, the conductivity in the 
tissues of the infected plants showed an increase over the healthy, probably 
due to an accumulation of electrolytes. The possible role of vivotoxin(s) 
in bringing about permeability changes in the tissues of cotton plants is dis- 
cussed in the light of spectrochemical analytical figures of ash of infected 
cotton plants obtained in this laboratory. 
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CHEMICAL COMPOSITION OF LAGOON MUDS 


By V. KRISHNA PILLAI 
(Central Marine Fisheries Research Station, Mandapam Camp) 
Received June 5, 1956 


(Communicated by Dr. N. K. Panikkar, F.A.sc.) 


INTRODUCTION 


Ir has been shown in earlier communications (Krishna Pillai, 1954, 1955) 
that the conditions existing in salt-water lagoons bear no similarity to those 
found either in open sea or in fresh-waters and that productivity in the lagoons 
is controlled by factors that differ in nature and degree of influence from those 
of the natural environments. The changes taking place in the water and sur- 
face alge from saline lagoons have also been discussed in the above communi- 
cations. But in order to have a full appraisal of the production potential 
of these areas it becomes necessary to study the composition of the bottom 
muds. The fundamental work of Mortimer (1941, 1942) suggested that the 
physical and chemical characteristics of bottom deposits might play a signifi- 
cant part in the productivity of estuarine and other similar regions. Con- 
sidering the fact that the lagoons remain isolated from the sea for long periods 


the role of bottom deposits as sources of nutrients become all the more 
significant. 


Normally the Palk Bay Lagoons are subjected to four different types of 
ecological conditions every year. They are:— 


1. A period of dry season between May and October. The mud is 
subjected to extreme heat and is converted into a hard mass. 


2. Inundation of the area with rain-water during October-November. 
The rain-water dissolves the salts from the mud and the salinity rises to about 
2%. Growth of alge and other planktonic organisms does not seem to com- 
mence immediately after inundation; but later organisms characteristic of 
brackish-water environment begin to grow. 


3. Opening of the Bar towards the end of the rainy season, generally 
about the end of October or the beginning of November, and entry of sea-water 
into the lagoons. Due to constant admixture with sea-water a true marine 
environment is created and growth of planktonic organisms continue at a 
normal rate, 
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changes taking place in the bottom muds of the Palk Bay Lagoons are given. 
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4. Closing of the connections between the sea and the lagoons in March- 
April. The salinity of the water increases thenceforth at a rapid rate and a 


stage is reached when the salt crystallises and forms a layer above the bottom 
mud. 


Under these extreme conditions the bottom deposits also undergo drastic 
changes. In the present communication data relating to some of the major 


EXPERIMENTAL 


The periodic collections of bottom deposits were made from the same 
stations as for the previous investigations. For the study of the surface muds 
the first six inches layer was collected using an ordinary soil sampler. Two 
sets of collections were made from three different layers (the surface 4” layer, 
the middle 4” layer and the bottom 4” layer) from both the stations with a view 
to study the variations in the chemical composition between the different 
layers of the mud. Even in natural environment in the Clyde Sea area Moore 
(1930) was able to notice a decrease in the P and N contents of the muds with 
depth. The soil sampler which is sharpened at the free end is forced down 
vertically into the mud to a depth of one foot. After it is taken out the sample 


is pushed out with the aid of the piston in the form of a cylinder. This is 
then divided into different layers for analyses. 


The samples were analysed for their pH, silt, loss on ignition, total 
nitrogen, total and interstitial phosphorus and the water-soluble constituents 
such as calcium, iron, chloride, sulphate and nitrate. The methods employed 


for the analyses are those recommended by the A.O.A.C. (1950, pp. 29-46) 
and by Rochford (1951). 


Altogether six sets of collections were made during the period from 
October 1953 to July 1954. The results of analysis of the samples collected 
are presented in Table I. Only the first two and the last sets were analysed 
for their silt and phosphorus contents and the results are tabulated in Table II. 


DISCUSSION OF RESULTS 


From the values given in the table it may be seen that the lagoon muds 
are more alkaline when they remain in the dry state. This may indicate 


that decomposition of organic matter is very much limited during the period 
of drought. 


The organic matter content, as indicated roughly by the loss on ignition 
of the samples, shows a definite change. During October, immediately before 
the rains when the bottom looks like a hardened mass, the organic matter 
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Chemical Composition of Lagoon Muds 
TABLE II 


Silt and Phosphorus Contents in Mud Samples Collected 
from Palk Bay Lagoons 


Interstitial 
Period of Place of Silt Total phosphorus phosphorus 
collection collection ys pg./g. of silt pg./g. of mud 


October 1953 


Station I 
Surface 22:1 307-7 
Middle 18-0 235-0 

Bottom 4-3 463-9 


Station II 
Surface 19-2 448-7 5-09 
Middle 17-4 319-9 4-67 
Bottom 12-0 290-0 


13-0 453-8 


Station I 


Station II 


13-0 477-0 
Station I 
Surface 16°3 343-5 6-30 
Middle 12-3 260-2 5-00 
Bottom 10-8 202-0 4-70 


Station II 
Surface 17-9 632-4 5-80 
Middle 14-3 372-0 4-40 

Bottom 9-5 322-1 4-20 


content at both stations remains somewhat high, the loss on ignition being 
11-0% at Station I and 14-35 at Station I]. When once the area gets inundated 
with rain-water a part of the silt and colloidal organic matter and most of 
the soluble salts are taken up by the water and made available for the growth 
of various organisms. This is followed by a slight decrease in the organic 
matter content of the mud. For example in November collections the loss 
on ignition of the sample from Station I is 9:0% while that for Station II 
is 10-75%. During the next stage when the lagoon is connected with the sea 
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all natural conditions are created for the normal growth of organisms. But 
when once the connections are closed the salinity of the water increases and 
plant life ceases gradually. During these changes all the dying organisms 
are collected along with the bottom deposits adding considerably to the 
organic matter content of the mud samples. In April 1954 just before the 
connections are closed the loss on ignition of the mud samples from Station I 
increases to 10-3% and that at Station II to 18-5%. The surface samples 
collected during July 1954 show a still further increase in the organic matter 
content, the loss on ignition of samples being 14-3% and 19-8% respectively 
for Stations I and II. 


The bottom deposits remain exposed to the sun during May to October. 
_ During this period the moisture content of the soil decreases rapidly reaching 
a minimum during September to October. But in the beginning of this dry 
season the soil contains enough moisture to promote bacterial decomposition 
of the organic matter. Thus a lowering of the organic matter content is ob- 
served in the October collections from both the stations (Table I). 


The data presented further show that as depth increases there is sudden 
drop in the organic matter content. Compared to the top layer the other 
two layers contain practically very little organic matter. 


The chloride content of the water-soluble portion of the mud samples 
follow a definite pattern, being very high up to 3% in October, when the mud 
is dry and falling considerably during the period of inundation of the area, 
the chloride content at this period being 0-7%. This low chloride is there- 
after maintained even when the lagoons get a regular supply of sea-water. 
But the value increases again when the lagoons are cut off from the sea due to 
deposition of sodium chloride crystals over the surface soil. This may partly 
be responsible for the limited bacterial activity of the muds during the dry 
season. Even in the bottom layers of the muds there is some variation in the 
chloride content but the actual percentage is seen to be comparatively small 
especially in Station I. The same cycle of changes could be observed in regard 
to the water-soluble sulphate and calcium content of the samples. The total 
nitrogen content of the samples remains steady although the collections taken 
in February and April give slightly lower values. But the nitrogen content 
is restored as the lagoons dry up. In this connection it may be interesting 
to compare the corresponding value obtained for a sample of mud from the 
fish ponds of Indonesia.* The sample analysed is as follows :— 


* This sample was taken near Djakarta, Indonesia, by Dr. N. K. Panikkar in 1954, 
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% 
Combined water 126 
Loss on ignition .. 27°14 
Silt -- 50°0 
Total calcium 0-184 
Total sodium -- 0-18 
Nitrogen ws 0-325 
Total Fe,O3, Al,Os, etc. 28°4 


It is clear from the above results that the Palk Bay Lagoon muds are very 
poor in all the constituents, particularly silt, organic matter and nitrogen 
contents. The Indonesian mud sample is completely devoid of chloride as 
against the Palk Bay Lagoon muds. 


The amount of inorganic nitrogen is negligibly small at both stations 
throughout the period and this is completely utilized during growth of plank- 
tonic organisms in the water. The decrease in the total organic nitrogen 
during this period is evidence of its decomposition and utilization by the 
growing organisms. 


Only three sets of samples were analysed for their phosphorus content. 
The values show that the total phosphorus content of the surface samples 
decreases when the lagoons are inundated but the original level is restored 
when the area becomes dry again. In contrast to this the interstitial phosphate 
does not seem to alter much. The lowering of the total phosphorus is always 
followed by a decrease in the silt content during this period. This indicates 
that a portion of the phosphorus which is mostly in the organic form is carried 
to the supernatant layers of water along with the silt when the lagoons get 
inundated. 


Both the nitrogen and phosphorus decrease with depth as observed by 
Moore (1930). But in this connection it may be said that the quantities of 
these elements present in the lagoon muds are extremely small compared 
to the values recorded for marine muds by the above author and for estuarine 
muds by Rochford (1951). The other soluble constituents of the soil like 
Ca, and SO, follow the same cycle of changes as with chloride while the 
manganese and water-soluble iron contents do not show any appreciable 
change. 
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SUMMARY AND CONCLUSION 


Data have been collected on the pH, organic matter, total nitrogen, total 
and interstitial phosphorus and some of the water-soluble constituents of 
bottom muds collected from two stations in the Palk Bay Lagoons. The 
data indicate that the muds are very poor in essential nutrients and undergo 
drastic changes in their composition as a result of the extreme ecological con- 
ditions to which the lagoons are subjected. It is also noticed that the top 
layers of the mud are richer than the bottom soil and this is highly significant 
from the point of view of using the lagoons for fish cultivation. 
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should be indicated in pencil. Appropriate legends should accompany all drawings. 
Names of authors are to be marked in pencil on the left-hand corner of drawing 
sheets. Photomicrographs should be securely mounted with colourless paste. 

All tables, quotations and footnotes which will be set hereafter (beginning 
from Vol. I, No. 2) in types smaller than the text, should be typewritten on sepa- 
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numbered in Arabic numerals. 

References to literature in the text should be given, whenever possible, in 
chronological order, only the names of authors and years of publication, in 
brackets, being given. They should be cited in full after the summary, the 
authors’ names following in alphabetical order. Thus, ~ 
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